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IS MDF DANGEROUS? 


A group of scientists has issued a 
warning that people working with 
medium-density fibreboard 
(MDF) are at risk since the mater- 
ial, or rather the glue sticking the 
various layers together, is a po- 
tential source of cancer. The De- 
partment of Health has started 
an investigation into the claim. 
Manufacturers of MDF say that 
there is no danger as long as op- 
erators observe proper safety 
procedures and working prac- 
tices. 


DVD RIVAL? 


In a joint venture, an American 
electrical retailer and a law firm 
are planning to launch a rival to 
the existing digital video disk 
{DVD}, called Divx. The joint ven- 
ture is being opposed by video 
rental companies which fear the 
new disk will confuse customers 
and that consequently retailers 
will lose money. 

However, the new system has 
won support from the big film 
companies because of the al- 
leged sophisticated encryption 
coding and the lower price. It is 
expected that more than 100 film 
titles will become available within 
a year of the launch. 

Fortunately for consumers, the 
Divx equipped player {said to be 
already in production with Mat- 
shushita, Thomson and Zenith) 
will also play standard disks. 


DIGITAL 
BROADCASTING 
GLOBAL SUMMIT 

The Digital Broadcasting — 
Global Summit 1997, which fol- 
lows on the success of the Global 
Digital Television Strategies 1996, 
is to be held in the Regents Park 
Marriott Hotel, London, on 
10-12 December. Details from 
Customer Service Manager, IIR 
Ltd, 6th Floor, 29 Bressenden 
Place, London SW1E 5DR; tele- 
phone +44 (0)171 915 5055; 
fax +44 (0)171 915 5056. 


SPREADING THE 
SCIENCE MESSAGE 
Nearly half a million pounds ster- 
ling is to be spent over the next 
year in a bid to raise public inter- 
est and awareness of science. 
Launching a campaign to make 
scientific, engineering and tech- 
nology (SET} topics more accessi- 
ble and understandable, the UK's 
Minister for Science, John Battle, 
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said: “| have a vision of a society 
where science and engineering 
are valued as part of our culture 
and given the recognition they 
deserve. In particular, it is vital 
that everyone realizes that we rely 
on SET to deliver improvements 
in the quality of life and sustain a 
healthy economy.” 

To achieve his aim, Mr Battle 
has granted nearly £150,000 to 
the British Association to stage 
next year’s Science, Engineering 
and Technology Week. His de- 
partment is allocation £325,000 
to the Committee on Public 
Understanding of Science to pro- 
mote interest in a variety of scien- 
tific and engineering ideas as 
well as funding a three-year sur- 
vey to monitor a series of public 
understanding measures that are 
being developed, 

The minister’s public aware- 
ness campaign will also encour- 
age greater cooperation between 
scientific research organizations, 
enabling them to share their ex- 
perience and resources in cre- 
ative alliances. 

“The success of our campaign 
for public understanding will de- 
pend in part on the promotion of 
mutual understanding between 
the scientific and non-scientific 
communities, the experts and the 
wider public,” he added. 

"We also need to question 

whether we can make better use 
of the Internet, whether we can 
improve school networks or need 
to develop new ones and where 
we should be organizing debates 
or promoting new schemes.” The 
Minister's Office of Science and 
Technology has just issued a new 
edition of Science Connections 
that lists over 40 organizations 
active in the public information 
field. 
Further information from the Of- 
fice of Science and Technology, 
Albany House, 94-98 Petty 
France, London SW1H 9ST. Tele- 
phone +44 (0)171 271 2120; 
fax +44 {0)171 271 2016. 


ONLINE 
INFORMATION 97 
This year’s Online Information 
conference will be held at the 
National Hall & Olympia Confer- 
ence Centre, London, on 9-11 

December. 

Details from Learned Infor- 
mation Europe Ltd, Woodside, 
Hinksey Hill, Oxford OX1 SBE. 
Phone +44 (0}1865 388000; fax 
+44 (0)1865 736354, 
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BOOTS’ SMART CARD 
UK high street chemists, Boots, 
has announced the nationwide 
roll-out of a loyalty card scheme 
using smart credit cards in coop- 
eration with technology company 
AT&T. 

Eight million customers are 
expected to join in the first year, 
creating one of Europe’s largest 
loyalty programmes. Te Boots Ad- 
vantage Card will make Boots 
the first high-street retailer to use 
smart-card technology in a loy- 
alty programme. 

Each card will have a mi- 
crochip that will allow the holder 
to use the card instantly to collect 
and redeem points against pur- 
chases, The microchip embedded 
in the plastic is quicker to process 
than magnetic stripe cards when 
redeeming points, 

AT&T contributes customer 
application processing, a cus- 
tomer service centre, a managed 
network to transport information 
into the loyalty scheme operation 
centre, as well as the supply of 
the Loyalty Scheme Operational 
System, The system will have the 
capacity in the first year for pro- 
cessing up to 150,000 card ap- 
plications in a single day, and is 
likely to generate 0.7 Terabyte of 
data. 

Boots the Chemist, 1 Thane 
Road, Nottingham NG3 3AA. 
Phone +44 (0}115 950 6111; 
Internet hitp://www.boots.co.uk 


WIDENING THE NET 
WITH TV ACCESS 
Internet awareness is reaching 
saturation point but although 91 
per cent of UK households are 
aware of the Internet, only 17 per 
cent have ever used it, These are 
some of the findings of the latest 
Durlacher and BT quarterly Inter- 

net market report. 

It seems that it is people in the 
higher income bracket who have 
the higher level of awareness and 
people who use Teletext regularly 
were also found to be more Inter- 
net-friendly. But the more televi- 
sion people actually watch, the 
less likely they are to know about 
the Internet (or ‘Net’). Over half 
of cable TY subscribers claim to 
have a poor knowledge of the 
Net (61 per cent) with a similar 
figure of 58 per cent for satellite. 

The survey was carried out 
among 2000 households to de- 
termine the level of Internet 
awareness in the residential sec- 
tor and to find out how involved 
it has become in everyday life. In- 
tegration with TV may be the next 


step towards widespread usage 
in the home. Access to the Net 
from home is generally via a 
modem connected to a com- 
puter. Consumers still attach a 
technology tag to the Internet 
and do not yet see it as an enter- 
tainment tool, 

The main reason for not 
having an Internet connection 
was that it was too expensive (36 
per cent), followed by ‘no inter- 
est’ (24 per cent), The most com- 
mon types of Net activity are 
e-mail, web browsing and news- 
groups, although there are a host 
of other Internet activities such as 
Internet Relay Chat or Internet 
shopping. The survey did indicate 
a demand in the UK residential 
market for goods and services 
bought across the Net. 

Forty-eight per cent of those 
who have Internet access said 
they would buy goods and ser- 
vices across the Net, including 
five per cent who already have, 
The most popular product for 
purchase seems to be holidays, 
with 54 per cent willing to use to 
make a purchase. The next most 
popular is software (53 per cent) 
or entertainment, that is, CDs 
and videos (52 per cent}. 

The number of Internet users 

has now reached four million, ex- 
cluding academic users, and the 
number of Net service providers 
has more than doubled, rising 
from 80 in September 1995 to 
just under 200 in June this year. 
Durlacher predicts the number of 
accounts in UK homes to reach 
2.6 million by 1999. 
Experts say that in order to in- 
crease the penetration of the In- 
ternet, the quality needs to im- 
prove, access speeds must in- 
crease, and more relevant con- 
tent should be made available, 
The emphasis needs to shift from 
a technology focus towards a 
consumer market, which means 
that fast, immediate delivery is 
critical in determining its success 
in this market. 

Durlacher website: 
www.durlacher.co.uk 
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MILLENNIUM DOME 
GOES VIRTUAL ON 
THE WEB 
The Greenwich Dome is being 
launched into cyberspace with an 
interactive site costing £150,000 
a year on the World Wide Web. 
The site will contain a compre- 
hensive guide to the ‘New Millen- 
nium Experience’ exhibition, from 
visitor information to updates on 

building work progress. 
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A Greenwich-based company, 
the LongitudeO Consortium, has 
been awarded the contract. The 
website ts expected to be up ond 
running soon and will include an 
interactive questions and answers 
section, games and competitions, 
a travel guide, and information 
on business and sponsors linked 
to the ‘Experience’. It will also 
feature details of the Millennium 
Challenge, the initiative aimed at 
including all areas of the country 
in the ‘Experience’. When the ‘Ex- 
perience’ is open, the site will 
have time-tabled live link-ups to 
Greenwich allowing viewers from 
anywhere in the world to see 
what is happening there. 

Rachel Mawhood of the con- 
sortium, specially put together to 
design the site, said: “The Experi- 
ence, although physically based 
at Greenwich, will be available 
‘virtually’ anywhere in the world 
and, as with the main Experi- 
ence, the website will be the 
biggest, most thrilling, most en- 
tertaining and most thought-pro- 
voking site anywhere on the 
web.” 

New Millennium Experience 
Company Ltd, 110 Buckingham 
Palace Road, London SW1 9SB. 
Phone +44 (0)171 880 8200; 
fax +44 (0}171 880 2019. 

LengitudeO Consortium, 10 
Barley Mow Passage, London 
W4 4PH. Telephone +44 7000 
583583; Fax +44 7000 583329 


BANK PIONEERS ELEC- 

TRONIC MONEY 
A new electronic money service is 
being tested at BarclaySquare, 
one of the longest-standing 
British online shopping sites on 
the Net. Electronic money, called 
BorclayCain, will soon be avail- 
able at the site. 

lt has been developed, in 
conjunction with CyberCash in 
the USA, in response to the grow- 
ing demand from Internet shop- 
pers to make small-value pur- 
chases. BarclayCoin will allow 
online shoppers to purchase 
items between 25 pence and ten 
pounds sterling without using a 
credit card. 

Shoppers will first have to 
download a software electronic 
wallet and complete a registra- 
tion form which links the wallet to 
a Barclaycard account. Later, they 
can transfer money from the Bar- 
claycard or any other card ac- 
count into the electronic wallet, 
which in turn can be used for on- 
line shopping. 

Tow of the first retailers on 


BarclaySquare to take advantage 
of this new way of retailing will 
be Emotion and Pooh Corner. 

In addition, BarclaySquare 
shoppers can now get ‘smart 
statements’ which will keep for 
them a record of all the pur- 
chases they have made on Bar- 
claySquare. ‘Digital sales re- 
ceipts’ will also be provided, 

Another added feature is 
‘digital coupons’, This allows re- 
tailers to send e-mail to their cus- 
tomers in which they embed a 
special offer, such as a 20 per 
cent discount on all purchases 
made within a specific time 
period. 

“Internet usage in the UK is 
growing at a rate of between 10 
and 15 per cent a month and 
much more is now known about 
what Net-using consumers and 
retailers expect from the virtual 
shopping environment,” said a 
Barclays spokesman. 

BarclaySquare website: 
http://www. barclaysquare.co.uk 


TRADE ON THE NET 
SHOULD BE VAT-FREE 
The Internet in Britain should be- 
come a Value-Added-Tax-free 
zone to take full advantage of the 
expected boom in online busi- 
ness, according to a report from 

the European Media Forum. 

Britain could pick up £310 
million worth of business from a 
worldwide market expected to be 
worth £1,24 trillion by 2002. 

The Government should take 
action to ensure that companies 
wanting to trade on the Internet 
are not lumbered with complex 
tax laws which become almost 
impossible to enforce in cyber- 
space. 

The report says that the econ- 
omic advantages of having on- 
line businesses based in the UK 
will outweigh any lost tax rev- 
enue. Taxing the Internet has be- 
come a major headache for 
governments worldwide in the 
past two year. Problems arise be- 
cause it is almost impossible to 
apply existing tax laws to the new 
medium. 

In the US, President Clinton 
has already signalled his inten- 
tion not to impose taxes on the 
Internet — a model which Britain 
should copy, said the report’s 
author, Reger Loosley, lawyer and 
chairman of the Computer 
Lawyers Consortium. 

“A person establishing a busi- 
ness on the Internet will be 
tempted to base him/herself 
where taxes are low or non-exis- 
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tent. But money made on the In- 
ternet has to be spent somewhere 
— so, by encouraging businesses 
to come to Britain, the country 
will benefit in the long run.” 
European Media Forum, 20 


Queen Anne’s Gate, London 
SW1V 9AA. Telephone +44 
(0)171 233 1456. E-mail: 


100541,1060compuserve.com 


INFRARED CHIPS MAY 
LEAD TO OPTICAL 
COMPUTERS 
Silicon chips have been induced t 
emit infra-red light by a team of 
scientists at Surrey University. The 
development could mean 
cheaper, fibre-optic communica- 
tions and, eventually, optical 

computers. 

Karen Reeson and her col- 
leagues at the university’s School 
of Electronic Engineering and In- 
formation Technology have 
achieved the light by bombarding 
a silicon chip with iron atoms, 
This crates small islands of iron 
disilicide in the boundary layer 
between the p-type conductor 
materials in the chip. 

When subjected to an electric 
field across this junction, the iron 
disilicide behaves as a light-emit- 
ting diode, converting electrical 
energy to light at a wavelength of 
1.5 um, the frequency used in 
optical communications. 

For some considerable time, 
scientists have been attempting to 
use light instead of electrons to 
ferry data within and between 
chips. By doing this, a speed in- 
crease of a factor of 10 com- 
pared with conventional elec- 
tronic circuits is described by Ms 
Reeson as conservative. The use 
of light in chips would also make 
them less sensitive to heat and 
radiation. 

The university researchers 
have already embarked on im- 
proving the implantation process 
and the amount of electrical en- 
ergy converted to light. The 
prototype converts 0.1 per cent of 
the energy and the team hopes 
to reach a commercially viable 
two per cent by 1999. 

lf the Surrey team achieves its 
aim, the semiconductor industry 
will find it easy to adopt the new 
technique because the iron is im- 
planted in the same way and at 
the same time that loyers of sili- 
con chips are built up. 

Karen Reeson, Surrey Univer- 
sity School of Electronic Engineer- 
ing and Information Technology, 
Guildford GU2 5XH. Telephone 
+44 1483 300800; fox +44 
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1483 534139; e-mail: 
k.reesonsurrey.ac.uk; Internet: 
http: ///www.ee.surrey.ac, uk 


LINKING SCIENCE 
WITH BUSINESS 


An awards scheme totalling 20 
million pounds has been 
launched by the UK government 
to link science projects and in- 
dustry in a bid to exploit innova- 
tive technology and find fresh ex- 
port markets for British products. 

The Foresight LINK awards 
encourage joint collaboration be- 
tween scientific projects and busi- 
ness in identifying future needs 
and how developments in engi- 
neering and technology can pro- 
vide further products. Some ten 
million pounds sterling from the 
Department of Trade and Indus- 
try (DT!) will be matched by a fur- 
ther £10.2 m investment from in- 
dustry. The Foresight programme 
is designed t improve competi- 
tiveness of the UK economy and 
hopefully enhance the quality of 
life. 

Department of Trade and In- 
dustry, | Victoria Street, London 
SW1H OET Telephone +44 171 
215 5000. Internet: http://www/' 
coi,gov,uk.coi/dept/GTl/coil005 
d.ok 


‘GHOSTBUSTERS’ 
TACKLE THE SMALL 
SCREEN 


An electronics expert at Reading 
University has developed a sys- 
tem that ends the problem of 
‘ghosting’ on television screens. 
Like Shakespeare’s unwanted 
guest at the feat, the double 
image on the television screen is 
a source of great irritation in 
many households. Dr Simon 
Sherrat of the university’s Elec- 
tronics Engineering Group has 
devised a low-cost linear filter 
system that, at the flick of a 
switch, puts to flight the alter ego 
of the television image. 

In terrestrial television trans- 
mission, multiple paths occur 
from the transmitter to the re- 
ceiver, Ideally, these paths are all 
received simultaneously by the 
television set, but when a path is 
delayed, a replica — or ghost — of 
the signal is received alongside 
the direct one. These delays are 
the result of th signal reflecting 
from static object such as tall 
buildings, trees and moving ob- 
jects such as aircraft. 

Even at the end of the 20th 
century, ghosting remains a great 
problem for television viewers in 
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many countries. Despite numer- 
ous improvements to the televi- 
sion transmission system imple- 
mented to enhance picture qual- 
ity, ghosting persists owing to the 
increase in high-rise urban areas. 

The construction of the Ca- 
nary Whart Tower in East London 
in 1990 offected the reception of 
100,000 viewers in the area. 
Cable television may also be af- 
fected by ghosting. The removal 
of double imaging is one of the 
few remaining practical problems 
to be overcome for current ana- 
logue television programmes. 

The de-ghosting filter devised 
by Dr Sherrat works by cancelling 
distorted signal as they are re- 
ceived by the television. The de- 
vice, designed to sit alongside the 
television set, is the first afford- 
able one aimed at the domestic 
market, 

Dr Simon Sherrat, Electronic 
Engineering Group, Reading Uni- 
versity, Whiteknights, PO Box 227 
Reading RG6 6AB. Telephone 
+44 118 931 8293; fox +44 
118 031 0279, E-mail: 


s.sherratreading.ac.uk 


IMPROVED SECURITY 
FOR COMPACT DISCS 


Pan Technology has launched a 
method of producing a compact 
dise (CD) that provides hacker- 
proof security against CDs being 
copied or software being pirated. 

CopyLok prevents copying on 
CD recordable devices and on 
expensive Laser Beam Recorder 
machines which produce replica- 
tors, glass master and stampers 
for injection moulding, It allows 
any game or information to be 
loaded on to the hard disc of a 
computer, but will only allow that 
software to run if the original CD 
is in the CD drive. It stops friend- 
to-friend copying, illegal shop 
replication, mass replication and 
also prevents copying by Internet 
distribution. 

Pan Technology could be- 
come the most popular company 
in the multimedia industry with 
the launch of this innovative tech- 
nology, a proven solution to the 
scourge of the CD and software 
pirates who will cost the world- 
wide information technology in- 
dustry over $US13bn this year. 

Supporting the launch of 
Copylok, some gamesware 
manufacturers are now claiming 
that up to four illegal copies are 
made of everything they produce, 
and the ultimate losers are legiti- 
mate consumers, who may be 
paying more than they need to 
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support the resulting loss of rev- 
enue by manufacturers not yet 
using CopyLok technology. 
CopyLok is the result of three 
years of intensive research and is 
the first and only anti-copying 


technology to have received 
Philips approval and a Philips 
patent application. Pan Technol- 
ogy says that during approval 
tests not even Microsoft have 
been able to hack the software 
on the test disc. 

Pan Technology, White House, 
65 Birmingham Road, Shenstone 
nr Litchfield WS14 OLQ, Tele- 
phone +44 1952 270 321. 
E-mail: metcalfpantechnology 
com 


CHEAPER, FASTER 

NET ACCESS 
lonica, a Cambridge-based tele- 
coms company which aims to set 
up a nationwide network in direct 
competition with BT, says its tech- 
nology allows Internet users a 
faster and cheaper option. 

The company claims that In- 
ternet users may be spending far 
more than necessary on connec- 
tion charges and offers users ad- 
vice on how to save money as 
they use the Net. For many, it's 
not personal computer or 
modem technology that makes 
the difference, but the telephone 
socket they use to connect. 

Many PCs now come with the 
necessary software and modems 
to get users started and incentives 
entice connections to the Net with 
a particular service provider. Al- 
though modems operate fast, 
they can be slowed down by the 
maximum bandwidth of the tele- 
coms network they send through. 

lonica says that its radio- 
based system offers extremely 
fast access because it does not 
rely on getting through old tele- 
phone cables installed in homes. 

lonica, St John’s Innovation 
Centre, Cambridge CB4 4AS. 
Telephone +44 1223 223 223. 


INTERNET SIGNALS 
DOWN POWER LINES 
Norweb Communications, in col- 
laboration with the Canadian 
firm, Nortel, has invented a way 
to send Internet signals to home 
lines by using the mains {power} 
supply net and not telephone 
lines. Previous attempts at such a 
system have failed because the 
electricity in the cables interfered 
with Internet data. According to 
lan Vance, chief scientist for Nor- 
tel's European division, {we have 
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fixed the fuzz. We have patented 
technology that allows us to send 
data through the mains power 
cables without it being corrupted 
by interference from the power it- 
self.” 

Users will need to install a 
card in their personal computers 
and fax a small box to their stan- 
dard electricity meter to use the 
service. Trials are expected to 
start next spring in north-west 
England, the heartland of the 
company. They are expected to 
go on for at least six months be- 
fore a wider roll-out is consid- 
ered. 

The company said it would 
concentrate on delivering the In- 
ternet through mains power ca- 
bles rather than competing with 
telecoms companies to provide 
telephones. But when Internet 
technology allows telephone sig- 
nals to be sent as Internet data, 
telephone applications could find 
their way into the new system. 

Norweb Communications, 
Talbot Road, Manchester 
M16 OHQ, Telephone +44 161 
873 8000. 


DOTMUSIC SIGNS AD- 
VERTISERS 


Music website dotmusic has 
signed advertising deals with 
Carlsberg, London's Capital 
Radio and Sony Music Europe. 
The site is also preparing content 
for an Internet Explorer 4 push 
channel. 

Carlsberg said it wanted to 
promote its new C-mail (com- 
puter mail} digital postcard ser- 
vice solely on dotmusic. The cam- 
paign lasts a month and will de- 
liver 150,000 page impressions. 

Capital Radio is sponsoring 
an online Battle of the Bands 
contest in conjunction with the In 
the City music festivals. Users will 
be able to use LiquidAudio's 
high-quality sound software to 
listen to near-CD-quality sound- 
clips downloaded from the site 
and vote online for their favourite 
unsigned bands. 

Seny plans a month-long 
banner compaign to promote its 
new Netnoize audio show, part of 
the www.sonymusiceurope.com 
site. The ads will be delivered as 
100,000 page impressions, 

Meanwhile, dotmusic’s lE4 
channel, published by Miller 
Freeman, producers of Music 
Week magazine, will offer ‘be- 
hind the scenes’ music stories 
and a selection of features culled 
trom the website. 

Contact: Dotmusic website 


http://wwew.dotmusic.com 


LOYALTY CARD 
FOR ONLINE BOOK 
BUYERS 


Bookpages, a UK bookshop sell- 
ing over the Internet, is to start a 
loyalty card scheme for its cus- 
tomers. 

In the face of mounting com- 
petition from high-street names 
such as Waterstones and Dillons, 
which are pressing ahead with 
their own Internet bookshops, 
Bookpages has decided that by 
rewarding customers they will re- 
tain a share of an increasingly 
competitive market. 

One seller, the Internet Book- 
shop, announced earlier this year 
plans to float on the stock ex- 
change. Selling books is one of 
the few Internet selling activities 
that has been shown to make 
money, because of the simplicity 
of the product and the ease of 
shipping it to the customer. 

Students using a valid ‘ac,uk’ 
domain to send their e-mail will 
qualify for a special offer giving 
them double points. 

Bookpages, Sterling House, 
20 Station Road, Gerrard’s 
Cross, Bucks SL9 8EL. Telephone: 
+44 1753 891 595. E-mail: 
infobookpages.co.uk 


INFORMATION 
SERVICE VIA MOBILE 
TELEPHONES 
A service has been launched al- 
lowing people to get news, sports 
results, shore prices and financial 
information sent to them via their 

mobile phones. 

Telecoms company Cellnet 
will broadcast the information di- 
rectly to users of digital mobile 
phones on its network, The infor- 
mation will also be available on 
the Cellnet website, and to any- 
ane with an e-mail address. 

Called Genie, the service will 
provide information provided by 
the Press Association, ICV, Reuters 
and Moneytacts, 

At first, Genie will provide fi- 
nancial information, such as 
share prices, and entertainments 
listings. In the coming months, 
additions will include football 
and rugby results, UK news, jobs 
and travel. 

Cellnet, 260 Bath Road, 
Slough SL] 4DX. Telephone +44 
1753 545 000. Internet: 
http://www.genie.co.uk 
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toaster, washing 
machine, the Mars 
Explorer or a Formula 1 
“race car; these beasts 
are literally all around 
us, Provided large pro- 
duction volumes are 
nvolved, developing a 
circuit board for every 
new application is not 
generally a problem, 
t what about one-offs 
and small production 
_runs? In these cases, 
he Electronic Handy- 
man comes to your 
escue. Read all about 
a multi-purpose micro- 
—» controller module 
which only requires 
ripheral components 
like LEDs and push- 
buttons to be hooked 
up to implement a 
werful, versatile con- 
troller system. 


By Dipl. Ing. Bernard C. Zschocke 
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These days, no one seriously involved 
in electronics, whether professionally 
or as a pastime, can avoid microcon- 
troller applications. Functions which 
used to require complex and specially 
developed hardware are now per- 
formed by cheap microcontrollers run- 
ning made-to-measure programs. 

For simpler tasks, requiring few 
inputs and outputs and small applica- 
tion programs, a very special class of 
microcontrollers is available. These 
beasts are called RISCs (Reduced 
Instruction Set Controllers). They are 
usually capable of executing any 
instruction in one clock cycle, which 
results in highly efficient and very fast 
program execution. A very welcome 
side effect of RISC processing is a low 
energy requirement. In other words, 
RISCs are marked by pretty high 
MIPS/mW - specifications. Further 
boons include ‘narrow’ internal 8-bit 
structures and few I/O connections, 
which allow many RISC controllers to 
be housed in space-saving enclosures 
with ‘just’ 20 or 40 pins. The market 
leader in this field is Microchip with its 


PIC processors which many of you will 
be familiar with from many projects 
and courses published in Elektor Elec- 
tronics magazine and spin-off books. 

Atmel's new AVR microcontrollers 
are aimed at increasing the product 
diversity in the market segment dom- 
inated by Microchip. AVR chips are 
fully equipped to do so: 1 MIPS for 
every MHz of clock frequency, no 
accumulator but register-to-register 
arithmetic, internal program memory 
in Flash technology with 1000 pro- 
gramming cycles guaranteed, an inter- 
nal EEPROM with 100,000 write cycles, 
SRAM added depending on the exact 
AVR type, and an interrupt structure 
even in the simplest version (the 
AT90$1200 as used in the Electronic 
Handyman). By the way, AVR does not 
mean anything, it’s just a name, accord- 
ing to Atmel. 


IN-SYSTEM PROGRAMMING 
WITH A QUESTION MARK 

Like many of its competitors in the 
semiconductor industry, Atmel claims 
that their microcontrollers can be pro- 
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grammed tn-circutt by way of a three- 
wire interface, plus a control at the 
reset input. Of course, any component 
is, in principle, programmable in-cir- 
cuit, as long as the peripheral circuitry 
is effectively disconnected and/or prop- 
erly protected. In many cases, however, 
the effort that goes into providing full 
protection may not be justified. 

Here, this problem is solved by 
means of a trick. As you will probably 
know, pinheaders (and their plastic- 
encapsulated counterparts called box- 
headers) have the same pin distance as 
jumpers. In this way, it is possible to 
configure the pinheader in such a way 
that jumpers either establish the links 
between the circuit and the connec- 
hons needed for programming, or 
break the links when the device is to 
be programmed by way of a flatcable. 

Apart from the RISC processor 
itself, you only need a quartz crystal, 
two 27-pF parallel-load capacitors and 
a 0.1-uF decoupling capacitor on the 
supply line to build your first Elec- 
tronic Handyman. The parts may be 
found back in the circuit diagram 
shown in Figure 1. The C1-C2 series 
combination acts as the parallel load 
capacitance required to make quartz 
crystal X1 oscillate. C3 is the supply 
decoupling capacitor, and K2 the pin- 
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header via which the programming 
takes place. In normal use, jumpers 
take the relevant four lines identified 
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as SCK, MISO, MOSI and RESET to 
DIP connector K1. In this way, all con- 
nections of the AVR controller are 
available to the application connected 
via the 24-way DIP header. In addi- 
tion, no fewer than five ground con- 
nections are available (which you will 
come to value when building experi- 
mental circuits using the Electronic 
Handyman). Only one of these has to 
be connected, though. 


A SMALL BOARD 

Although a single-sided board would 
have offered ample space for the Elec- 
tronic Handyman, a double-sided 
board is used for EMC compliance, 
and to ensure a low-impedance 
ground path. The artwork of the PCB 
is shown in Figure 2. Construction is 
simple provided all components have 
the appropriate dimensions. Start by 
mounting and soldering the capacitors 
with a 0.1-inch (2.5 mm) lead distance. 
The maximum height of these caps is 
5mm. Next, mount the IC socket, 
which consists of two 10-way socket 
strips. If the capacitors do not fit, they 
have to be mounted at the underside 
of the board. Proceed by mounting the 
14-way pinheader, K2, onto the board. 
Then follow the two 12-way pin strips 
which form K1. The short sides of the 
pins are inserted from the underside 
of the board, and then fixed by sol- 
dering (carefully). The quartz crystal is 
the last component to be fitted on the 
shuttle board. 


HANDYMAN PLAYS DICE! 
Before discussing the programming 
aspects of the AT90S1200 controller in 
next month’s magazine, a small exam- 
ple is given showing how the Handy- 
man can be programmed to function 
as an electronic dice. A port pin may 


(C) Segment 


aN 


Dice_Reg) is skipped (sbis PIND, key, where sbis means skip 
if bit is set) until the switch is pressed (= 0). To ensure that the 
degree of randomness is the same for all faces (sides) of the 
dice, relative jumps are made (rjmp) between face images. At 
the start of the program, in the RESET section, port B is 
switched to output, and all LEDs are switched off. The inset 
shows the generic output format required by the AT90S1200 
programmer to be described in next month's follow-up arti- 
cle. The Electronic Handyman rolls the virtual dice until you 
press the switch. When the switch is released, the last face 
(dice side) is displayed by the LEDs. (OFONNI- 1] 


On-line support 
The author has set up an Internet address to enable users 
of the Handyman and the docking programmer to com- 
municate practical experience as well as solve problems. 
The URL is 

http://www.zschocke.com/handyman 


Electronic Handyman is a registered trademark. 
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A programming example 


3; Electronic dice 
include "1200def.inc" 
-device at90s1200 


; Bit 76543210 

-equ) WZ6 = 0b10001000 

-equ WZ5 = 0b10100010 

-equ WZ4 = 0b10101010 

-equ) WZ3 = 0b11100011 

-equ W22 = 0b10111110 

-equ) WZ1 = 0b11110111 

-egqu WZa = 0b01111111 ; All LEDs 

«equ key = 0x00 ; Key on Port-Bit 0 from Port D 
-def Dice_Reg = r17 ; Register for dice faces 

-def Temp = rl6 ; Register to switch Port as Output 


be an input or an output. To establish ; “eee Init after RESET ***#* 
the function, each port has a Direction RESET: 

register called DDRx, where x stands 
for the port number. A port pin is read 
using the instruction PINx, while 
PORTx writes to the port. After a reset, 
all port pins are inputs by default. Al 
at the bit position in the DDRx regis- 


ldi Temp, Wza 
out DDRB, Temp 
ldi Temp, OxFF 
out PortB,Temp 


Switch Port B as Output 


All LEDs off 


***** repeat loop endlessly, show if key is pressed. 
Loop: 


ter switches the corresponding port bit 
(pin) to output mode. If a pin func- 
tions as an input, and a 1 is written 
into PORTx, an internal pull-up resis- 
tor is switched. In our example, an 
external pull-up resistor is provided. 
The LEDs that mimic the dots on the 
sides (faces) of the dice, and the 
switches, are connected to the Elec- 
tronic Handyman as illustrated in Fig- 
ure 3, [t should be noted that the total 
current consumption of the LEDs may 
not exceed 80 mA. 

To start with, the instruction .EQU 
is used to define the constants that 
represent the six faces of the dice 
(WZI1 through WZ6). To make a LED 
light, the controller has to output a 
logic 0. WZa serves to determine the 
state of the output pins. The argument 
key is used to identify the port pin to 
which the push-button is connected. 
The dice faces are constantly sent to 
variable Dice_Reg (Idi Dice_Reg, WZ1, 
where Idi means load tnimtediate, load 
constant). The instruction to copy the 
dice face to the port (out PORTB, 
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LD6: Ildi Dice_Reg, W2Z6 
sbis PIND, key 
out PORTB,Dice_Reg 
rjmp LD5 


LD3: Ildi Dice_Reg, W23 
sbis PIND,key 
out PORTB, Dice_Reg 
rjmp LD2 


LDS: ldi Dice_Reg, WZ5 
sbis PIND,key 
out PORTB, Dice_Reg 
rjmp Lp4 


LD2:; Ildi Dice_Reg, WZ2 
sbis PIND,key 
out PORTB, Dice_Reg 
rjmp LD1 


LD4: Idi Dice_Reg, W24 
sbis PIND,key 
out PORTB, Dice_Reg 
rjmp LD3 


LD1l: i1di Dice_Reg, W21 
sbis PIND, key 
out PORTB, Dice_Reg 
rjmp LD6 


sete Ne Ne 


show '6' 

Skip if key is not pressed 

if key is pressed, show act.dice 
Jump for correct odds 
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The proposed circuit is a general- 
purpose rev(olution} counter for 
cars, It is suitable for 4+, 6- or B- 
-cylinder engines. 

In a traditional manner, a direct 
voltage is derived from the ignition 
pulses. The voltage level is directly 
proportional to the number of 
pulses per unit time. The direct 
voltage is converted by an ADC 
(analogue-to-digital converter) into 


a BCD (binary-coded decimal) sig- 
nal, which is read with the aid of a 
decoder and a set of 7-segment dis- 
plays. 

The requisite pulses are taken 
directly from the circuit breaker 
(CB) in the engine compartment 
and applied to K,, Any unwanted 
peaks are removed by low-pass [il- 
ter Ry-C,, while the level is held to 


20 


a sale value by Dj. 

The signal is subsequently am- 
plified by T, and then applied to 
monostable multivibrator (MMV) 
IC,. This stage converts the signal 
into a series of regular pulses, 
which are integrated by C,. In 
other words, the potential across 
this capacitor is a measure of the 
number of pulses, that is, engine 


Parts list 


Resistors: 

Ry; Rg-Rg = 1 MQ 

Ro = 470 .Q 

Rg. Rig = 22 kQ 

Rig =. 150.2 

Rit, ya, Rig = 10 kQ 

Rig = 8.2 

Ris: = 100 kQ 

Riz-Ryg = 33092 

Py, Po = 10 kQ, muttiturn preset for 
vertical mounting 

Pz = 50.kQ, multiturn preset for 
vertical mounting 


Capacitors: 

Cy = 1 pF, 25 V, radial 

Cg, Cy = 4.7 uF, 25 y, radial 
Cs = 0.27 uF 

Gg, Cg-C 13 =.0.1 uF 
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revolutions. This voltage is mea- 
sured by ADC IC3. This circuit has 
four BCD outputs and three cipit- 
drives and, in conjunction with 
IC), a BCD-to-7-segment decoder, 
drives displays LD ,-LD;, 

The number of engine cylinders 
is determined by correcting the pa- 
tential across C, with the aid of di- 
vider RyRy. Four-cylinder engines 


Cy = 0.047 pF 


Semiconductors: 
Dy = 1N4148 
ty ~T4 baal BC557 


Integrated circuits: 
IC; = 74HC221 
ICp = CASIBIE 
IC, = CASI62E 
IC, = 7805 


Miscellaneous: 
LD,-LD, = HD11050 
JP,-JP4. = jumper 
Kj, Ky = 2-way terminal block for 
board mounting 
Ks,Kg = 12-pin SIL header, right- 
angled | 
PCB Order no. 974072 | 
| 
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produce four pulses, six- cylinder 
engines, six pulses, and eight-cylin- 
der engines, eight pulses, for every 


linear 
The fact that the Texas Instruments 
TIL300 opto-isolator contains two 
photodiodes is exploited here to 
endow the device with a virtually lin- 
ear transfer characteristic, The trick is 
ta include one of the photodiodes in 
the feedback circuit of the LED dri- 
ver, while the other is used to drive 
an ourput buffer as usual, Assuming 
that the two photodiodes are virtually 
identical, the feedback circuit irons 
out any non-linearity of the transmit 
diode and the photodiode. 

Although the circuit shown here was 
not tweaked for optimum. perfor- 
mance, non-linearity should be less 
than 2% or so, which ts not bad for 
such a simple setup. The thing about 
using a TLC271 here is that its com- 
mor-mode range goes down to 0 ¥ 
allowing small input anc output volt- 
age levels to be used also, while the 
supply voltage may remain asymmet- 
rical. A prototype of the circuit pro- 
duced an output signal of 10'V,,., at 
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cwo revolutions, In the case of a 


four-cylinder engine, JP) is short- 


circuited and the potential across 


0.,.5V 1c1 
TLC271 


50 kHz, albeit at considerable distor- 
tion. For accurate operation, the fre- 
quency should be much reduced. In 
this respect, it is recommended to 
experiment with the value of C1, 
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C, is applied to 1C3. With six- 
evlinder engines, JP3 is short-cir- 
cuited so that the voltage across Cy 


to-isolator 


12V,q 


which may need to be fine-tuned to 
achieve the best possible frequency 
compensation (strive to minimize 
overshoot in the output signal), Also, 
the TLC271 is used in high-bias 
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is divided by 4/6, and with eight- 
cylinder engines, JP, and JP, are 
short-circuited which results in the 
potential across C, being divided 
by two. 

To calibrate the circuit, remove 
any jumpers and short-circuit the 
iput of ICs (Ry) to earth. Adjust 
he olfset with P3 until the display 
reads ‘000’, Next, apply a voltage 
varying from OV to 1V to the 
npuc of (C4, measure every step 
with a DVM (digital voltmeter) and 
djust P, for a display of exactly 
he same voltage. Finally, use a 
good-quality rev counter as refer- 
ence. ar apply a suitable voltage 
Irom a function generator with dig- 
ital display to K, and adjust P, 
unui both readings are the same. 

The — printed-circuit board, 
which is not available ready made, 
may be cut inte owe ta separate the 
display section from the remainder 
The two parts should then be in- 
terconnected by a length of flatca- 
ble between Ks and Kg. 

In case it is desired to get a dis- 
play of ‘3400' instead of 340° 
when the number of revolutions is 
3400, add LDy, When only three 
displays are used, place JP, as indi- 
cated, This causes the decimal 
point of LD, te light to show that 
the display reading must be rulti- 
plied by 1000 


ps 
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mode here (pin 8 ned to ground). 
Noa doubt the use of faster and more 
accurate opamps will produce even 
better results. 

(OF alle2i 


Components list 


Resistors: 

Ry, Ap, Rg, Ry = 1 MQ 

Ry, Rg = 470.2 

Ra, Rg = 10 kQ 

Re, Rio = 100.Q 

P,, Po = 26 keQ2 preset 

Ps = 10 kQ log stereo potmeter 


Capacitors: 

Cy = 100 pi, 96 V, radial 

Gy = 0.001 uF high stability 
Cy, Cg, Cp =.10 uF, 16 V, radial 
C4, Og = 0.022 pF 

Cs, Co = 47 uF 16 V, radial 


Inductors: 
Ly = 100 wH 


Integrated circuits: 
‘IC, = 7809 
IC, IC, = TLO7ICP 


Miscellaneous: 
Ky-Kg = audio socket for board 


2 off carctype connector for board 
mounting 


Judging by the cacaphony emanat- 
ing from an increasing number of 
cars on the road, car radio boasters 


unfortunately remain popular with 
young people, Unfortunately, be- 
cause deafness among these young 
people is becoming quite com- 
mon. 

From a technical point of view, 
the setup with a booster is often 
very in efficient, because these 
power monsters are normally con- 
nected simply to the loudspeaker 
terminals of the existing car radio 
installation via an attenuator. This 


puts the two output amplifiers in It is much better to take the 
series, which is, as said, quite inel- signal from the wiper of the vol- 
ficient. 
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ume control in the ear radio and 
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use this as the input to the booster. 
This is normally not much of a job. 
The signal so obtained must, how- 
ever, be buffered and sometimes 
also amplified. 

The adaptor provides both 


intruder 


The alarm pyrosensor [0 
detect the presence of animals or 


yuman beings by changes in heat 


uses a 


radiation, 

The contact of the relay in the 
pyrosensor is linked to the input of 
he circuit and is closed in the quies- 
cent state. If an animal or person 
approaches the sensor, the relay con- 


, then 


act opens. The input of IC 


goes low and its output becomes 
high. Pin 8 of IC), goes low, which 
enables the MMV (monostable mul- 
tivibrator) formed by IC). and IC) 4. 
Owing to the feedback to pin 9 of 
IC)... the MMY output remains low 
for about three minutes, even if the 
sensor is disabled. If on completion 
of the three-minute period the sensor 
is still actuated, a new period also 
three minutes long is started, Alarm 
pulses generated when the MMV is 


enabled are ignored. 

When the MMV is quiescent, its 
output is high and counter IC; 
remains reset. The counter position 
is then zero and, since output Qo 
(pin 3) is not linked to T) and the 
buzzer via a diode, the buzzer 
remains inactive. 

When the MMV is enabled by 
the pyrosensor, its output goes low. 
The counter is then no longer reset 
and begins to count the clock pulses 
from IC;,. The buzzer is then actu- 
ated intermittently via diodes D|-D5 
and T). 

When the counter reaches its 
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these functions in a simple man- 


ner. The stereo signals are applied 
via K, and K; and buffered an am- 
plified by an ep amp in each chan- 
nel. The amplification may be set 
between X1.5 and X22 with P, 


alarm 


Ic1 IC2 


IC3 


1.33Hz 
1,33Hz 


OTN 


highest position, Qg (pin 11). the 
high level at this ourput impedes the 
clock at the enable input (pin 13). 
The counter stops counting and 
retains this position. Alter a short 
while, the mono time elapses and 
pin 11 of IC, 4 goes high, whereupon 
the counter is reset. A 600 ys pulse 
is then passed to IC3, via R3 and C5. 
This pulse briefly disables IC; which 
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and P; respectively. These levels 
should be more than adequate for 
most situations, The peak ourput 


voltage is 2 Vis: 
The ourput in each chan-nel is 
split into a front and a rear branch 


Ic3b 1N4148 1N4148 


5v¥—, 


© IC3 = 4011 
ov- i ov- H 


t 
180s 600us 


reenables the MMV. provided the 
sensor is still actuated 
The mono time may be changed 
by altering time constant R.-C), 
When the sensor contact has 


been closed almost continuously for 


a lengthy period, the mono time may 
be a little shorter when the MMV is 
enabled for the ftrst ume after this 
period. If this is found inconvenient, 
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IC1 = 4093 


(left-hand front, LE, and left-hand 
back, LB, and RF and RB respec- 
tively}, The volume of the rear 
speakers is set with P3. 

Regulator IC, provides a stable 
9 ¥ supply line fer the op amps. 
The circuit draws a current of not 
more than 7 mA. 

The adaptor is best built on the 
printed-circuit shown, which is, 
however, not available ready-made, 

The input and output terminals 
are audio sackets for board’ mount- 
ing. 

The battery voltage is applied 
to the circuit via two cartype con- 
nectors mounted on the board, 
When the adaptor is fitted in a 
small case, care must be taken that 
P3 remains accessible, 


D1..D5 = 1N4148 
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the recovery time may be lengthened 
by increasing the value of Ry 

The circuit draws a current of 
1-2 mA, which 
13-14 mA (via Ry) when the relay 
contact is closed, and to 15--16 mA 


Increases [oO 


when the buzzer is actuated. 
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We Programmer for 
lectronic Handyman & AT90S1200 


_ All microcontrollers 
: have to be pro- 
grammed, be it by 
1eans of a ‘mask’ dur- 
ing their production, or 
ay means of a special 
programmer. If you 
want to use just two or 
three microcontrollers 
of a certain type, then 
laving them mask-pro- 
grammed is really out 
f the question, while a 
edicated programmer 
may still be too expen- 
sive. For the Electronic 
‘Handyman described 

ewhere in this issue, 
we present a small 
ocking programmer 
_ which is actually an 
lapter for connecting 
0 the RS232 interface 
your PC. Using the 
are developed for 
ihe programmer, you 
n start programming 
VR chips at assem- 
bler level. 


By Dipl. Ing. Bernard C. Zschocke 
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In the spring of 1997, Atmel 
announced its ‘AVR’ series of micro- 
controllers, which, they claimed, were 
sure to find applications in many 
future projects. The AT90S1200 device 
arrived on the market by the summer 
of 1997, One remarkable thing about 
this series of controllers is their ability 
to be programmed via four pins. The 
present project, Handyman and its 
docking programmer, was on paper 
before the first samples of the 
AT9051200 arrived. The Electronic 
Handyman is inexpensive, simple to 
build, easy to program, yet powerful. 


hardware and PC software for 
programming Atmel RISCs 


All of these characteristics should also 
apply to the associated programmer, 
without breaking the bank, of course. 


FOUR LINES BETWEEN 
PC AND AVR 

As with many low-budget program- 
mers, the PC works in unison with a 
programming adapter. It is no coinci- 
dence that the relevant link is by way 
of the RS232 interface. Because the 
AT9051200 requires a current of just 
1 mA per MHz of clock frequency, both 
the adapter and the microcontroller are 
easily powered by the RS232 interface 
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during programming. Broadly speak- 
ing, the programmer has two func- 
tions: providing the 5-volt supply volt- 
age, and arranging the level conver- 
sion on three signal lines between the 
PC and the AVR chip (RTS + MOSI, 
DTR + RESET and TxD + SCK), and 
one return line from the AVR to the 
PC (MISO ~ CTS). 

Unfortunately there are no three 
freely controllable RS232 lines on the 
PC. This problem is solved with a trick. 
While RTS and DTR may be made 
logic high and low by means of indi- 
vidual bits, the TxD line is normally 
logic low, changing to high only when 
a character is being transmitted 
(depending on the actual data). A solu- 
tion to achieving similar control over 
the TxD line was found after studying 
the databooks. One of the three pro- 
gramming lines acts as the CLK line 
with ‘low’ as the non-active level, just 
like TxD. Transmitting a zero generates 
a pulse on the TxD line with a length 
which equals nine times the pro- 
grammed baudrate. 


VOLTAGES AND LEVELS 
The RTS, TxD and DTR lines taken 
from the RS232 socket are decoupled 
by diodes D1-D6 to give a positive and 
a negative supply voltage. Electrolytic 
capacitors Cl and C2 act as buffers, 
while zener diodes D7 and D9 limit 
the voltages to +15 V. Current limiting 
is not needed here because an RS232 
interface is normally short-circuit resis- 
tant, and only capable of supplying a 
few milli-amps anyway. With ordinary 
PCs, nothing untoward should hap- 
pen in any case, because the maxi- 
mum swing on any R5S232 line is 
+12 V. Only with interfaces which are 
not RS232 compliant, the short-circuit 
current through D7 and D9 may 
become too high. If that is a risk, cur- 
rent limiting is required to protect the 
zener diodes. 

The unregulated supply voltages 
V++ and V—— directly power opamp 
IC2, which raises the MISO signal 
received from the AVR chip to the 
symmetrical RS232 level. The positive 
supply voltage is applied to low-drop 
voltage regulator [C3, which turns it 
into a stable 5-volt rail. Other low-drop 
regulators than the one specified will 
not work here because of their high 
starting current. C6 stabilizes the reg- 
ulation behaviour. Jumper JP2 allows 
the regulated voltage to be removed 
from the AVR in case an external 
power supply is connected by way of 
K5 or K2. In that case, C7 acts as a 
noise suppression capacitor. If the 
jumper is fitted, the output voltage of 
the regulator is available at connector 
KS. In case the interface can not sup- 
ply sufficient current, an external 
power supply (7 to 12 V) may be con- 
nected to connector K4. Because D9 is 
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a direct shunt, a higher supply voltage 
than the zener voltage would destroy 
the diode. Diode D8 provides protec- 
tion against any reverse-polarized 
input voltage. 


THE SIGNAL PATHS 
By way of resistors R1-R4, the signals 
travel from the RS232 interface to the 
inputs of Schmitt trigger gates 
(74HC14). Together, the resistors and 
the input capacitance of the gates act 
as low-pass filters (1s), while the 
input current is also limited when the 
signal voltages are clipped to 5 V by 
the internal protection diodes of the 
Schmitt-trigger gates, This slightly 
unusual circuit is expressly allowed by 
Philips Components in their databooks 
on HC logic. So, stick to a 74HC14! 
Jumper JP1 allows you to select 
between a true or an inverted RESET 
signal. A hardware solution had to be 
used here because the DTR line has to 
provide a constant positive supply 
level during programming. If the 
jumper is installed, the low-impedance 
output of ICla ensures that R3 
remains inactive. Spurious oscillation 
is not expected because the internal 
resistance of the DTR line is much 


lower than the value of R3. The same 
for the TxD line, which acts as a clock 
line (SCK). Because both lines return 
to zero in the inactive state, two invert- 
ers are connected in series. 

The outputs of the inverters are 
either taken to pins on pinheader K2, 
to which the Electronic Handyman is 
connected via a (not too long) flatca- 
ble, or directly to zero-insertion (ZIF) 
socket K3, into which the controller [C 
is inserted. 

Programming of an AVR controller 
requires a clock signal which is gener- 
ated by quartz crystal X1, parallel-load 
capacitors C3 and C4, and the oscilla- 
tor on board the AT90S1200. The Elec- 
tronic Handyman already has its own 
quartz crystal. [t should be noted that 
the current consumption of the con- 
troller may rise beyond the capacity of 
the RS232 interface if relatively high 
oscillator frequencies are used (up to 
16 MHz). In that case, it is recom- 
mended to first program the micro- 
controller using a lower oscillator fre- 
quency, and then actually use it with a 
higher frequency. The signal from the 
AVR to the PC travels via a resistor 
and a Schmitt trigger gate to an 
opamp which works as a level con- 
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verter. R8 guarantees proper termina- 
tion of the MISO port. The level con- 
verter uses voltage divider R5-R6 as its 
reference. These two resistors also 
form a load for the supply voltages so 
that the voltage remains below 5 V 
even if all inputs are held logic high. 
The docking programmer should 
be easy to build. The dimensions of 
the single-sided printed circuit board 
(Figure 2) allow the circuit to be 
installed in a commercially available 
enclosure. Be sure to stick to the exact 
part numbers mentioned in the com- 
ponents list. The trick with the protec- 
tion diodes may cause a lot of prob- 
lems if no-name components are used! 


A TEST PROGRAM 

The correct operation of the program- 
ming adapter is conveniently verified 
with the aid of a program called 
HM_CHECK. Like the actual pro- 
gramming utility, © HM PROG, 
HM_CHECK is a pure DOS applica- 
tion! Remember, Windows 95 does not 
allow direct access to the RS232 ports 
without a host of special tricks, not 
even if a regular DOS box is used. To 
enable the programs to be run from 


28 


“ry 
us 
fA 
us 


0000 
oo000c 
DOOOOO 


Windows 95, the DOS box has to be 
set up to reflect true MS-DOS mode. 
This is done by creating a link with 
each program. Select the executable 
file, click the right-hand mouse button 
and select Properties, then Program, 
Advanced, and MS-DOS Mode. Next, 
press the OK buttons until you are 
back at the beginning. 


HM_CHECK 

This program is launched with the 
desired RS232 interface as an 
appended parameter, so, for instance, 
HM_CHECK /COM1. The following 
menu appears: 


A: Power ON B: Power OFF 
C: Set RESET D: Clear RESET 
E: MOS! HIGH F; MOS! LOW 
G: DTR HIGH H: DTR LOW 
|; RTS HIGH J: RTS LOW 
K: SCK's ON L: SCK's OFF 
M: Status ON N: Status OFF 
0: Loop Test P: Prag. enable 
S: One SCK T: Device code 
Q: Quit 

Port=> 1:COMi ~ 2: COM2 


3: COM3 4: COM4 


Baudrate =>5: 19200 6: 9600 
7: 4800 8: 2400 9:300 


Most functions may be tested with the 
aid of a multimeter. The individual 
menu options are: 


A: The R5232 lines are configured 
such that the maximum voltage is 
available across Cl, enabling IC3 
to supply 5 V. 

B: Switches off the voltage across C1. 

C: Activate the Reset line (level 
depends on jumper JP1). 

D: De-activate the Reset line. 

E-J: Switch the corresponding line to 
high or low respectively. 

K: Apply a continuous clock signal to 
the SCK line, 

L: Switch off continuous clock on 
SCK. 

M: Display the status of the MISO 

line. Apply 5 V to check that the 

MISO signal actually arrives. 

Switch off MISO status indication. 

Transmit = programming-enable 

sequence to the microcontroller. 

Useful when a controller has to be 

programmed manually (bit-by-bit). 

S: Put a clock pulse on he SCK line. 

T: Read the controller's Device 
Code, and display it. If this func- 
tion returns the correct value, the 
system is probably okay. 

Q: Quit program 


The numbers 1 through 4 enable you 
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to pick a free interface, while numbers 
5 through 9 determine the baudrate 
which, in turn, determines the length 
of the clock pulse (nine times the 
baudrate). The delays to be observed 
by the program are always multiples 
of the baudrate. The underlying goal 
is to generate delays which do not 
depend on the processor's clock fre- 
quency. 

And now for a menu option not 
discussed so far: O: Loop Test. For this 
test you have to link the MISO and 
MISI lines either at K2 or at the ZIF 
socket. In this way, you enable the soft- 
ware to read back its own transmis- 
sion, The transmitted and the received 
byte are displayed, A sub-menu 
appears: 


0: Set byte to be sent to 0 

1: Set byte to be sent to SAA (= 170) 
2: Set byte to be sent to $55 (= 85) 
C —: Count-up byte to be sent (cyclic) 

D : Decrement byte to be sent 

|: Increment byte to be sent 

R —_; Random value for byte to be sent 

N  : No wait 

W  : Wait 50 clock times after each byte 
Q : Quit test 


If you have an oscilloscope available, 
the Loop Test is a great help when 
investigating the operation of a circuit. 


PROGRAMMING 

The programmer described here 
allows Electronic Handyman shuttles 
as well as the target circuit to be pro- 
grammed, The Electronic Handyman 
is hooked up via a flatcable link. If the 
Handyman is installed in the applica- 
tion circuit during programming, 
jumper JP2 must be removed, and the 
supply voltage of the application cir- 
cuit switched on. If the Handyman is 
programmed individually, JP2 has to 
be fitted. 

The jumper is also fitted if an 
AT90S1200 chip has to be programmed 
directly. A tip: if you would like to 
omit the power supply on your proto- 
types, employ the voltage regulator on 
the programmer board by applying 
the supply voltage (peak value: <15 V, 
also for a.c.!) to connector K4, and 
power your construction by way of 
connector K5, In that case, jumper JP2 
has to remain in place. Jumper JP1 
always remains open whenever a 
handyman shuttle or an AT90S1200 is 
being programmed. 

The programming utility proper, 
HM_PROG, may be used on the 
assumption that the data to be burned 
into the AVR chip is available in generic 
format as supplied by the Atmel assem- 
bler called WAVRASM (AVR Assembler 
for Windows). Neither the Intel-Hex 
nor the Motorola format is supported. 
The Atmel assembler is included on 
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the project diskette which may be 
obtained through our Readers Services 
under order code 976017-1. Readers 
with access to the Internet may also 
obtain it by downloading the self- 
extracting archive AVR.EXE, which 
may be found on this page at Atmel's 
Internet site: 
http://www.atmel.com/atmel/products/ 
prod203.htm. 
Unpacked and installed, AVR.EXE 
supplies the AVR Assembler for Win- 
dows (WAVRASM.EXE), an AVR Sim- 
ulator for Windows, a host of pro- 
gramming examples, and AVR 
datasheets in Acrobat Reader format. 
Like HM_CHECK, the program- 
ming utility, HM_PROG, is run either 
under plain DOS or in a Win95 DOS 
box with a link made as outlined 
above. All instructions to the program 
are conveyed by means of parameters 
(‘switches’) which you type when 
launching the program. These switches 
are examined and executed in the 
order in which they are appended. The 
general format of the program call is: 


HM_PROG /COMc /Bbbbbb 
‘x [<filename>] [/x] [<filename>] 


Example: 

HM_PROG /COMI1 /B9600 /RDC 
/CE /WM MYPROG.ROM 

/VM MYPROG.ROM 


For this example, it is assumed that the 
programmer is connected to the 
COMI] port. The programmed baud- 
rate is 9600 bits/s, which equals a clock 
pulse of about 1 ms. Initially, RDC is 
used (Read Device Code), whereupon 
the chip is erased (CE). Next, the file 
MYPROG.ROM is written (WM) into 
the program memory of the device. 
This activity is finished with a Verify 
operation (VM). 

The first parameter that must be 
communicated is the communication 
port, where /COMc stands for COM1, 
COM2, COM3 or COM4, depending 
on the port you wish to use. All other 


switches are optional. As with the test 
program, the switch /Bbbbbb allows 
the baudrate and with it the clock 
duration to be programmed. Do not 
use other values than the ones indi- 
cated by the menu. You get the menu 
if you launch the program without 
switches. The /RDC parameter causes 
the Device Code to be read. It is rec- 
ommended to use RDC before other 
switches to make sure the programmer 
addresses the chip in the correct way. 
The Device Code for the AT90S1200 is 
$1E $90 $01. The parameter /CE causes 
the controller to be erased. The pro- 
gram, read and verify parameters 
should always be followed by a proper 
filename, Using ‘RM <filename> the 
contents of the program memory is 
written into the file called <file- 
name>. Similarly, /WM <filename> 
causes <filename> to be written into 
the program memory. Once again: the 
expected data format is the generic for- 
mat as supplied by the Atmel assem- 
bler! The /VM switch tells the program 
to verify the program memory con- 
tents against the contents of <file- 
name>. 

The parameters /RE, /VE and /WE 
differ from /RM, ‘VM and ‘WM in that 
they operate on the internal EEPROM 
instead of the program memory. Two 
undocumented parameters, /PM 
<filename> and /PE <filename> 
program first and then perform a Ver- 
ify. Finally, the parameters /WLB1, 
/WLB2 and /WLB21 allow you to pro- 
gram the Lock bits. 

Finally, note that HM CHECK and 
HM PROG are available on disk 
976017-1 only, ie, they are not 
included in the AVR.EXE file which 
may be downloaded from the Atmel 
Internet site. 

(Y7DN90-2) 


Call parameters for HM_PROG 


Call: HM_PROG /COMc /Bbbbbb |x [<filename>j [ix [<filename>]jn 


}COMc §=c = 1]2|3|4 


/Bbbbbb bbbbb = 38400| 19200 | 9600 | 4800 |2400 


ix = /RM_ <filename> 
ix = /VM_ <filename> 
ix = /WM <filename> 
ix = {RE <filename> 
ix =/VE  <filename> 
ix = /WE <filename> 


Example: /COM1 for COM Port 1 
Example; /B9600 for 9600 Baud 


Read device memory to <filename> 

Verify device memory against <filename> 
Program device memory against <filename> 
Read device EEPROM to <filename> 

Verify device EEPROM against <filename> 
Program device EEPROM against <filename> 


ix = {ROC Read device code 

ix = /WLBI Program Lock Bit 1 

ix = /WLB2 Program Lock Bit 2 

ix = /WLB21 Program Lock Bit 7 and Lock Bit 2 
ix = /CE Erase device 


oy 


PIR controlled shop-bell 
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A PIR (passive infrared) detector cou- 
pled with an electric light is now 
widely used for intruder protection. 
PIR detectors are also available as 
stand-alone units which usually have 
a switched output for controlling 
external loads. The Argos 431/5595, 
for example, has a switching capacity 
of 2,000 wats, 
This circuit will work with stand- 
alone PIR units as well as combined 
lamp units, In the latter case, you 
only use the PIR section, which usu- 
ally contains a control to set the ‘on’ 
time. In this case, the shortest possi- 
ble on-time should be set (usually 
about 15 seconds). 


K2 


RE1 = V23057-80002-A201 


IC1 = 4013 
IC3 = 4093 
974076 - 11 
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Most electronic shop-bells are based 
on light barners. The disadvantage of 
these units is that their vertical range 
is limited, piving shop-lifters a chance 
to dodge the (invisible) beam by 
crawling across the doorstep. The 
PIR controlled shop bell shown here 
offers better security: 

When the PIR detects a person, it 
supplies the mains voltage to con- 
nector KI. The resulting low voltage 
at the collector of the phototransistor 


COMPONENTS LIST 


Resistors: 

RI =. 2kQ2 

R2: = 47kQ 

R3 = 1M 

R4,R5,R6 =.10kQ 

P71. = 4MQ7.(5MQ) preset H 


Capacitors: 

C1 = 180nF 630VDC class X2 
C2 = 470nF 

C3 = 10nF 

C4 = 1uF 16V radial 

C5 = 100uF 16V radial 

C6 = 100nF 


Semiconductors: 
01,D2 = 1N4148 
03,04,D5 = 1N4001 
T1. = BC517 

IC1 = 4013 

IC2 = CNY65 (Temic) 
IC3 = 4093 


Miscellaneous: 

$1 = on/off switch, miniature 

$2 = pushbutton, 1 make contact 

Ret = V23057-B0002-A201 
(Siemens) 

Ki = 2-way PCB terminal block, 
pitch 7.5mm 

K2 = 3-way PCB terminal block, 
pitch 7.6mm 

K3 = mains adaptor socket, PCB 
mount 
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inside opto-isolator C2 is first 
cleaned in a low-pass filter, R2-C2, to 
prevent interlerence and false detec- 
tion. The resultant pulse at the CLK 
input of [Clb causes a ‘1’ ta be 
clocked by this bistable, Because the 
Q output goes high, the bell relay is 
energized via darlingron transistor 


TI. lf switch $1 is closed. a timer, 
IC3d, determines the delay before 
the bistable is reset and the bell is 
switched off. The length of the delay 
is adjustable with preset P1, This 
delay (max. 8s) is also useful to dis- 
courage children from toying with 
the shop bell. If S1 is open, the bell 


sounds until the shopkeeper presses 
the other switch (a push-button), $2. 
The circuit is powered by a 9-VDC 
mains adaptor Current consumption 
is about 25 mA with the relay ener- 
gized. The control input is designed 
for a drive voltage of 230 V; 50 Hz. 

Finally, to enable the PIR detector to 


digital potentiometer 


Xicor’s digitally controlled E2POT 
ICs provide ergonomic and long- 
lasting alternatives to mechanical 
potentiometers, The ICs in the 
XO9CMME series have a 7-bit 
counter with reversible count direc- 
tion and a decoder that enables one 
of the 100 analogue switches. 

The outputs of the analogue 
switches serve as the wiper of a po- 
tentiometer, while the inputs are 
linked to a potential divider com- 
posed of 99 equal resistars, The 
counter state may be stored in a 
non-volatile EEPROM, so that it can 
serve as the output value at a subse- 
quent start. 

The X9CMM series is designed 
to operate from 5 V supply lines. 
The potential across the resistive di- 
vider must nat exceed 10 ¥ (only 
4¥ in case of the X9C102}. The 
ON resistance of the analogue 
switch is about 40 Q, so that the 
current through the wiper is limited 
to 1 mA. 

E*POT ICs have three inputs for 
the cligital drive. The level at U/D 
determines whether a trailing edge 
at clack input INC lowers or raises 
the counter state, This action only 
takes place if chip select input CS is 
low. A leading edge at CS arranges 
for the counter state to be stored 
when INC is high. When CS is 
high, the IC is in the standby mode. 

The circuit diagram shows a 
complete digital potentiometer 
based on a Type XOCMME. It 1s 
provided with two controls, $, and 
Sj, an optical indicator and a de- 
layed frequency change-over of the 
clock generator. 

When keys 5) and $5 are open, 
resistars Rg and Rg hold the inputs 
of 154. a NAND, as well as the 
L/D input of IC) high. The low 
level at the ourpur of 1C3,) disables 
clock generator IC3,. Frequency de- 
termining capacitor C is discharged 
in the quiescent state. 

When one of the keys is pressed 
(S) firmly, Sy gently}, the output of 
ICg changes state, so that the clock 
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generator and IC, (via IC5),) are en- 
abled, Capacitor C, is then charged 
via R, and R» until the input level of 
IC5,, goes low, whereupon the gate 
output linked to the clock input of 


7-BIT 
UP/DOWN 
COUNTER 


| 
7-BIT 
NONVOLATILE | 
MEMORY | 


STORE AND 
RECALL 
CONTROL 
CIRCUITRY 
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ONE OF 
ONE HUNDRED | 
DECODER 


IC2 = 4093 


IC, changes state (from low to 
high}, When this happens, Cy 1s 
diseharged via R; and D, until the 
upper trigger level of ICs, 
tained. The gate then changes state 


is. at- 


TRANSFER! RESISTOR! 
GATES ARRAY 


work in daylight also, you have ta 
cover the internal light/darkness sen- 
sor (usually an LDR), 
Unfortunately, the printed circuit 
board shown here is not available 
ready-made. 

QM4076 -H Borekamp) 
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again and the above action repeats 
itself. 

The clock signal is optically 
monitored by D3. 

When the output of ICs, i 
high, the gate draws a portion of the 
charging current from C), which re- 
sults in the clock frequency at INC 
being relatively low. 

At the same time that the gener- 
ator is enabled, C, begins to be 
charged gradually via R, and R; 
unul ICs. changes states (from high 
to low). Cireuit IC, then con- 
tributes to the charging current to 
C). whereupon the clock frequency 
increases: in the prototype, the fre- 
quency rase in four seconds from 
1.3 Hzto 3.1 Hz" 

When the keys are released, the 
clock generator stops, At the same 
time, C, is discharged rapidly via Ry 
and D5, so that the frequency is low 
again when the keys are operated 
anew. 

The switch-off delay owing to 
Ry-Cy enables the actual counter 
state to be stored by the internal 
logic. 

The circuit draws a current of 
0.3-1.0 mA, [Kuhne - 974058: 


or} 
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EPROM and microcontroller pro- 
grammers are invariably provided 
with a ZIF socket to hold the com- 
ponent ta be programmed. How- 
ever, surface mounted devices 
(SMDs), which are used more and 
more often, have an SO] or SOP 
case, so that they cannot be pro- 
grammed in existing programmers 
without a special adaptor. 

This article proposes such an 
adaptor which enables a program- 
mer intended for devices with a 
28-pin DIL case to be used for 
components with a 28-pin SMD 


infra-red- 


When a photodiode is illumi- 
nated, it produces a signilicant pho- 
tocurrent whose value depends on 
the level of iluminance*. 

When the drop across a photodi- 
ode is measured, it appears that this 
is normally $ 500 mV This voltage is 
not, or hardly, dependent on the 
photocurrent. If therefore a low-value 
resistor is placed in parallel with the 
diede, the drop across the parallel 
combination remains below the 
diode (forward) voltage. The poten- 
tial across the resistor is then directly 
proportional to the illuminance. 

A high-impedance digital amme- 
ter set to its lowest dic. wA range will 
show that the diode voltage hardly 
varies with the light intensity. If a 
suitable d.c. A range is not available 
on the meter, connect a resistor of a 
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ease. (The ST62 programmer pub- 
lished in the November 1996 issue 
of this magazine is one), 

The adaptor consists of a small, 
single-sided printed-circuit board 
with a 28-pin DIL socket fitted at 
its track side and a ZIF adaptor for 
28-pin SMD cases at the compo- 
nent side, 

Start by soldering two |4-pin 
single-row headers at the track 
side, Take care that nothing pro- 
trudes at the component side, be- 
cause then there would be insulli- 
cient space for the ZIF socket. 


WwW 
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Next, mount a standard 28-pin IC 
socket onto the header pins. Fi- 
nally, solder a 28-pin ZIF socket 


Inance meter 


few kQ across the meter input. 

In the diagram, the shunt resis- 
tance of the diodes is formed by 
moving-coil armmeter with 30 pA 
full-scale deflection, Its internal resis- 
tance is 6.5 kQ, 

Calibration of the circuit and 


graduation af the scale must be car- 
ried out with the aid of a light source 
ol well-defined luminous intensity. 
Even without calibration the meter 
may be used to compare the emis- 
sion of an infra-red headphone trans- 
mitter with that of incident daylight, 
It may also be used to verify whether 
a remote controller is still working 
properly. 

The pretotype was built with 
photodiodes Type BP1O4, which 
appeared to have the best sensitivity 
of a number of different types. With 
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suitable for SMDs at the compo- 
nent side. 


Lermets — S74046) 


five photodiodes in parallel as in the 
diagram, the infra-red light from a 
remote controller at a distance of 
]00 mm from the meter gives a tea- 
sonably clear deflection of the 
poimter. 

If light sources emitting light of 
different frequency must be checked. 
appropriate photodiodes must, o 
course, be substituted for the 
BP1O4s, 

Note that the meter does no 
need a power supply. 


7.7 


a74032| 
*Tlumination = illuminance = the 


quantity of light or luminous flix falling 
on unit area of d surfuce. 
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As the name indicates, the selector is 
intended to choose one of up to 


idio-input selector 


eight digital audio signal inputs, Fe ore ie gy eee Re Fe IN2... IN@ = 7x INT 
which it does with the aid of a multi- : ia 
plexer 1 oa I 5V 
The multiplexer, IC is controlled 1 15 I 
by preset up/down counter IC). The | ORM wr 4 4 
counter is set with DIP switch S; 1 1 
(note that the MSB switch is not 0) i ! ' IC7 
used in this application). 2 TOTX173 


The yarious ges are selected | 

with press-keys 5; and 53, Gates { 

IC,g and IC),, 9 conjunction with 

networks Ry-C) and R3-C), provide 1 
effective debouncing of the keys. 1 (o) 

1 

1 

1 

1 

1 


Resistor Rs and capacitor C o MDX 3 
ensure that when the power is 1 
switched on, the counter is set. : ae of? 
lf lewer than eight inputs are 3 vf 10 
needed, the number can be reduced De ed ee el : "lah? 
to four by resetting jumper J) so that g 7AHC4051 7 
pin 9 of [Cg is linked to a fixed level. 5vG@) 7 acl 


The non-used inputs of the multi- 
plexer, pins 1, 2, 4, and 5, must be 
strapped to earth. 

Which of the inputs is selected is 
indicated by one of four or eight 
LEDs that are controlled by 3-to-8 
decoder IC3 at the outputs pf IC), Tf 
four inputs are used, D3—Dg must be 
amitted, 

Since the digital-audio- input cir- 
cuits are identical, only one is shown 
(in dashed lines at the top left-hand 
side of the diagram), Each has an 
optical input (C5) and a coaxial 
input (K;}. Lt needs only one inverter 
(here IC,,); the others (C4,-ICy,.) 


100n 


(4) cs (8) Ics 
C1 \C2 Ic3 
@) 


©) 
@) 


100n 100n 100n 


are strapped ta earth, 


The outpu 
has an optical 


of the selector also 
output (IC3) and a 


coaxial output (Kk). 

The current drawn by the selec- 
tor depends primarily on the number 
of optical modules (each of which 
draws 20-25 ma). 

{standard LEDs instead of high- 
efficiency types are used, the value of 
Rig should be lowered to 220 Q. 
The total current drain then rises by 
about 10 ma. [Gieshers — 97034] 


ICic 


si 
{oh 


IC1 = 4584 


JP1 


74HC237 
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GREAT NEWS FOR YOU! 


Over the past 11 years ULTimate Technology supplied more than 20.000 
commercial versions, but also thousands of educational versions, which, having 


no Gerber Interface (high resolution photoplotter) are not suitable for commercial fF 
use, but are otherwise, identical to the, naturally far more expensive, commercial 21 
versions. After a worldwide test on Internet the ULTIboard Studio evolved, with Ba4 
the same well-considered limitation, at a price at which everybody can afford § 

a professional design system. ‘ 


SEE ALS@ THE ADVERTISEMENT ELSEWHERE 
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_ part I 


. Although they look 
like any ordinary plas- 
tie chipcard of the 
synchronous type, 
Smartcards are func- 

tionally very different 
because they have an 
internal microproces- 
sor rather than just an 
amount of non- 
volatile memory. 
-Acomplete micro- 
processor system by 
‘itself, the Smartcard 
can only function by 
means of an asyn- 
chronous dialogue 
with a special reader 
unit. This article 
describes such a 
reader, which, as you 
_may have guessed, 
_works in combination 

with a PC. 


Far less expensive than commercially 
ailable ‘development kits’, the sim- 
ified Smartcard reader described in 
this first instalment of a two-part arti- 
le mainly enables you to read and 
rite from/to the majority of Smart- 
currently on the market. 


IGH*SECURITY CARDS 
dearer than your typical (syn- 
1ous) chipcard, cards with an 
\al microprocessor are reserved 
lications requiring either com- 
functionality, stiff security, or both, 
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smartcard 
reader/writer 


so we're talking about credit cards, 
cards for pay-TV, cellular radio, etc. 

The drawing in Figure 1 shows an 
internal structure which is used for 
nearly all Smartcards. Although the 
microprocessor at the heart of the cir- 
cuit may be a special type, it is usually 
just a ‘lesser’ member from a well- 
established family. 

As with just about any other chip- 
card, the Smartcard’s main function is 
to guarantee the security of the data 
stored in its non-volatile memory. 

This security is achieved by dis- 
abling any kind of direct access (from 
the outside) to the contents of the card 
memory, as well as any read operation, 
write operation, or temporary authen- 
tication by the internal microprocessor, 
which is the one and only element 
capable of physical access to the mem- 
ory. 

In practice, an instruction is sent to 
the Smartcard, and it is up to the 
microprocessor on the card to decide 
whether the instruction is executed or 
not. For this decision the microproces- 


sor looks at the security rules it has 
been programmed to enforce. 

The reply of the card to an instruc- 
tion typically consists of a kind of 
report giving details of what happened 
after the instruction was received (and 
accepted as valid), possibly followed by 
a block of data which may be 
encrypted. 

Using present-day technology, the 
above exchange of information 
between the card reader and the 
Smartcard follows a half-duplex proto- 
col using a single input/output line 
(contact ISOQ7 on the card). 

Although the 1507816 standard 
covers a number of different commu- 
nication protocols, the card/reader dia- 
logue is usually based on the following, 
parameters: 9600 bit/s, 8 data bits, 
1 parity bit (even), and the equivalent 
of at least 2 stop bits. 

Although we would all very much 
like to connect these Smartcards 
straight to the PC’s RS232 port, that is, 
alas, not possible, and there’s no way 
to go round a unit called ‘card coupler’ 
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to ensure compatibility between the 
PC port on the one hand and the 
Smartcard on the other. 


A SIMPLIFIED COUPLER 
In insiders’ jargon, the term ‘coupler’ 
is often used to describe a function 
which Figure 2 attempts to illustrate. 

A coupler has to manage all inter- 
facing, electrically and functionally, 
between the Smartcard and a ‘host 
system’, which is typically a PC sport- 
ing an RS232 port. 

Apart from the circuits that handle 
the electrical control of the card con- 
tacts, a coupler can’t work without an 
internal microprocessor, 

So, an integrated interface circuit 
without a microprocessor (or micro- 
controller) is not, strictly speaking, a 
coupler, with due respect to some 
manufacturers, while a coupler fitted 
with a card connector is not just a cou- 
pler but a ‘card reader’. The current 
tendency is towards building couplers 
by linking a microcontroller to an 
interface circuit which may take the 
form of an ASIC, or, in a simpler way, 
a dedicated building block such as the 
Philips TDA8000. 

There is no doubt that Smartcard 
technology will eventually evolve 
towards a single-chip coupler which 
integrates a mask-programmed micro- 
controller and a couple of interface cir- 
cuits. 

By contrast, there is no reason why 
all card control functions can not be 
handled by the processor in the host 
system. After all, all you have to do is 
give the host system a suitable inter- 
face, which may be a matter of a cou- 
ple of discrete components. 

The problem is that writing coupler 
control software that complies with all 
standards is highly specialised work, 
not within the capacity of most soft- 
ware developers whose aim is just to 
add a card reader function to a certain 
project. 

As far as we are concerned, the goal 
is very clear; being able to perform the 
highest possible number of manipula- 
tions (of an experimental character) on 
the highest possible number of Smart- 
cards, using any ordinary PC. 

Because it would be wasteful to use 
such a powerful computer as a dumb 
terminal only, we decided to make the 
coupler as simple as possible, and shift 
(in a manner of speaking) a number of 
its functions to the software which 
runs on the PC. This approach facili- 
tates the development of the resulting 
combination without calling the 
‘firmware’ part into question. 

The microcontroller in the coupler 
circuit, a PIC16C84, performs a num- 
ber of crucial functions: switching the 
card contacts on and off in the proper 
way, supplying the card clock signal, 
and interfacing between the bidirec- 
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tional data line of the card and the 
TxD/RxD lines on the RS232 port. 

Rather than employing a specific 
integrated circuit which may suddenly 
go obsolete and then into silicon obliv- 
ion, the functionality of the electrical 
interface is vested in a handful of dis- 
crete parts which handle their tasks 
just fine within this context. 


CIRCUIT DESCRIPTION 
All of the definitely original choices 
discussed above contribute to the cir- 
cuit diagram shown in Figure 3, Let's 
look at the schematic in some detail. 

It is possible to run the circuit off 
a single +5 V supply rail (available on 
pin 1 of the 15-way sub-D style joy- 
stick connector), in which case you 
don’t fit diode D7 and capacitor C5 
(provided for mains adaptor power- 
ing), omit regulator IC4, and install a 
wire link between the anode of D5 
and the output of [C4. The circuit has 
a separate input marked V),, for an 
optional (external) programming volt- 
age supply. 

You should be aware of the fact 
that all Smartcards may, in principle, 
be read if the V,,, line is held at 5 volts. 
Consequently, the present circuit 
arranges for this ‘default’ voltage to be 
applied to the V,,,, input. Note, how- 
ever, that some very old cards (notably 
those manufactured in NMOS 
EPROM technology) require a higher 
voltage for write operations and for 
the retrieval of confidential codes. 

Only if necessary, a simple labora- 
tory supply is connected to the Vp, 


electrical 
interface 


card 
connector 


NE oes eeee 


microcontroller 


cryptographic 
co-processor 
(optional) 


pins. The output voltage of the supply 
is then set to the programming voltage 
required by the Smartcard (21 V in 
most cases), 

As far as the clock signal applied to 
the card is concerned, this is ‘stolen’ 
from the PIC oscillator output which 
supplies a frequency of 3.579 MHz (a 
cheap NTSC crystal is used). This clock 
frequency sets an ETU (elementary 
time unit) of 104,45 for most Smart- 
cards, and, consequently, a fixed data 
transfer speed of 9600 bits per second. 

According to the IS07816 standard, 
the microprocessor in the coupler 
should be in charge of setting up the 
programming voltage, Vp, the clock 
frequency, and various other parame- 
ters which depend on requirements 
‘formulated’ by the Smartcard. These 
parameters, by the way, even allow the 
system to negotiate a certain protocol. 

As far as the author is concerned, 
the ability to control these parameters 
directly provides an interesting degree 
of liberty, because it enables certain 
manipulations to be performed which 
are off the beaten track because they 
are not normally possible on ready- 
made couplers. 


CONSTRUCTION 
Rather than fitting the Smartcard con- 
nector on the same printed circuit 
board as the coupler (interface circuit) 
proper, we decided to split the present 
card reader module into two boards: 
» a coupler which is directly compat- 
ible with the 9-way sub-D connec- 
tor of the PC’s RS232 port, and fit- 
ted with a 10-way pin header ready 


RS232C 
interface 
{or similar) 
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ROM 
{program} 
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to accept a mating IDC socket. 

a chipcard connector module which 
is compatible with ISO and (rare) 
AFNOR format cards, also having 
a 10-way pinheader for the link to 
the coupler card. 


So, you get a complete Smartcard 
reader simply by connecting the cor- 
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responding pin numbers on the two 
sub-boards by 10 cm or so of flatcable 
fitted with an IDC socket at either side. 

The advantage of this arrangement 
is that the original card connector 
module is easily replaced by other 
models, for example, a miniature type 
as used for GSM telephones. 

In the not too distant future, you 
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may even be able to replace the con- 
nector with a receiver/transmitter unit 
capable of communicating with con- 
tactless chip cards which are rapidly 
gaining acceptance. 

Figure 4 supplies the copper track 
layout and component location plan of 
the single-sided printed circuit board 
designed for the Smartcard reader. This 
board is available ready-made through 
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our Readers Services, together with the 
pre-programmed PIC16C84 and the 
software utilities diskette, as order code 
970068-C. The three components may 
also come as part of a kit supplied to 
you by one of our advertisers. 

As you can see, the board consists 
of two sections: to the right, the sub- 
board with the card connector module 
(ITT-Cannon) on it; to the left, the sub- 


board with the coupler (interface) cir- 
cuit on it and the rest of the electron- 
ics. 

There is little to say about the actual 
construction of this project. As a mat- 
ter of course, you start by separating 
the two sub-boards. Fitting the com- 
ponents onto these boards should be 
mostly plain sailing. Be sure, however, 
not to overlook any of the six (4 and 2) 
wire links on the two boards. Also con- 
centrate on the polarity of the 
polarised components (capacitors, 
diodes, LEDs and integrated circuits). 
Some components are mounted 
upright. 

The 3-way pinheaders identified as 
JP1 and JP2 allow you to choose 
between two versions of the card con- 
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nector module. The difference arises 
from the internal card detector switch, 
which is either a normally open (n.o.) 
or a normally closed (n.c.) type. Note 
that the actual jumper positions for 
n.o. and n.c. are not the same on the 
two pinheaders! 

The PIC microcontroller comes pre- 
programmed through our Readers 
Services or your kit supplier. If you 
need it as a separate part, its order 
code is 976512-1. 


ANSWER TO RESET 
(ATR) 

To be able to actually use the present 
circuit and the associated software util- 
ities, it is essential to know the ‘lan- 
guage’ used by Smartcards to com- 
municate with reader units. 

Although full details of this lan- 
guage are specified at length in the 
1SO7816 standard, there are only a 
couple of really essential points to 
observe, 

The first, rather fundamental, prin- 
ciple involves a term you have to 
know because it is frequently used: 
ATR for Answer to Reset. 

After a suitable signal is applied to 
the RESET contact of the card (ISO2) 
with the supply voltage and a clock 
signal present, a Smartcard normally 
complies with the standard by trans- 
mitting a message consisting of up to 
33 bytes. This message contains a cer- 
tain amount of normalised informa- 
tion which serves to enable the cou- 
pler circuitry to recognize the charac- 
teristics of the card it will be 
communicating with shortly. 

The very first character of the ATR 
word is especially interesting because 
it indicates if the ensuing traffic 
{exchange of data) is compliant with 
the straight-ISO or inverted-ISO con- 
ventions. 

Using the ‘straight’ convention, 
bytes are transmitted sequentially, LSB 
(least significant bit) first, via the [S507 
contact, with a logic 1 represented by 
a ‘high-impedance’ state. 

The ‘inverted’ convention, by con- 
trast, rules that the bytes are headed 
by the MSB (most significant bit), 
while logic 1s are encoded as ‘low’ lev- 
els (0 volt). 

If we use the symbol ‘Z’ to indicate 
the high-impedance state, and ‘A’ to 
indicate the logic low level, then the 
first character of the ATR word (includ- 
ing start bit and parity bit) may be 
written as follows: 


— AZZAAAAAAZ 


for cards of the ‘inverted-ISO’ type, or 
— AZZAZZZAAZ 


for cards of the ‘straight-ISO’ type. 


After conversion to hexadecimal, and 
observing the relevant standard, these 
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characters read 3F,, and 3By; respec- 
tively. 

Any other character heading the 
ATR sequence, or no ATR at all, should 
be taken to mean that the card is either 
faulty, non-standard, or of the syn- 
chronous type. 


ABOUT THE SOFTWARE 
The suite of small programs (utilities) 
to be described here and in next 
month’s final instalment is available in 
the form of executable files on a floppy 
disk which you may obtain through 
our Readers Services, or as part of a 
kit. The order code of the 3.5-inch 
diskette is 976014-1. 

The utility ATREAD was written 
with the aim of (1) capturing the ATR 
of any Smartcard which is inserted 
into the reader module, (2) determin- 
ing its standard, and (3) building a disk 
file (ATR.CAR) which reflects the con- 
tents of the card. 

Like all other programs in the 
‘toolkit’ on the disk, ATREAD is pro- 
vided with a security function which 
prevents any risk of voltage being 
untimely applied to the card. This 
security provision works on the fol- 
lowing principles: 


= As long as the program is not 
started, the coupler is disabled from 
applying any voltage to the card, 
even if a card is inserted and 
removed several times. 

= Once the program is up and run- 
ning, inserting a card into the 
reader causes the supply voltage to 
be applied. If a card is already pre- 
sent in the reader unit the moment 
the program is launched, it has to 
be removed and re-inserted. 

@ Once the program has completed 
its task (or if it is interrupted), it 
arranges for the card supply to be 
switched off completely. 

= If a card is pulled from the reader 
unit before a communication is fin- 
ished, the coupler still arranges for 
the card to be switched off properly. 


When a Smartcard has finished trans- 
mitting its Answer to Reset message, 
the program displays the applicable 
format and the complete ATR message 
in hexadecimal notation. 

For example, in the case of a bank 
card using the inverted-ISO format, 
the resulting message may read 


JF 65 25 08 31 04 6C 90 00. 
By contrast, a Smartcard for a GSM 
phone using the straight-[SO format 
may produce a message like this: 


3B 7B 11 00 00 291 01 05 00 12 55 00 00 90 00, 


Often, but not always, the ATR mes- 


sage ends with 90 00. This pair of bytes 
generally indicates that all is well 
inside the Smartcard. 

In fact, the significance of the last 
two characters of the ATR is not regu- 
lated by the ISO standard. These char- 
acters are ‘historic remnants’, and their 
use is not regulated. Consequently, the 
characters may differ depending on 
the application of the Smartcard. 

The decoding of the really mean- 
ingful part of the ATR message is han- 
dled by a second software utility called 
ATRDEC, which employs the data 
stored in the file ATR.CAR (which is 
basically an ASCII text reproducing the 
ATR message in binary form). 

In this way, you may discover 
(from the TB1 parameter) the value of 
the external programming voltage (if 
applicable) which the card may require 
for write operations into the memory. 
The information also includes the type 
of protocol (parameter T) to use for the 
rest of the dialogue. 

T=0 is the most commonly found 
information, indicating the oldest half 
duplex protocol laid down in the 
ISO 7816-3 standard (clause 8 to be 
precise). In any case, it is the default 
protocol which is applied when none 
is specified, and also the one sup- 
ported by our software utilities. A spe- 
cific feature of the T=0 protocol is that 
bytes are transmitted one by one. 

Certain recent applications start to 
make use of the T=1 protocol, which 
is based on transmission by the block, 
and, consequently, potentially faster 
than the T=0 protocol. 

T=4 is reserved for a future, 
improved half-duplex protocol while 
the values T=2 and T=3 indicate half- 
duplex protocols yet to be defined. 

T=14 bundles all non-standard ISO 
protocols, which, in practice, are few 
and far between. 

The appearance of a TA1 character 
may indicate that the Smartcard you 
have inserted needs a particular clock 
frequency, and/or a communication 
speed other than 9600 bits’s. In either 
case, you should consult the ISO 7816 
standard to check for compatibility 
with the default characteristics of the 
reader unit. 

Finally, a TC1 character may 
impose a ‘guard delay’, which means 
a delay to be inserted between the 
transmission of two successive bytes. 

That bring us to the end of the first 
instalment of this article. In the second 
instalment, to be published next 
month, we will be looking at the ‘soft- 
ware’ aspect of this project, discussing 
the various utilities which are available 
on the diskette mentioned earlier on. 
These utilities allow you to strike up a 
conversation with the Smartcard 
inserted into the reader unit. 

(970068-1) 
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A CD-ROM containing 
the equivalent of a 
trunk full of maps can 
provide the database 
_ for a computer-con- 
trolled navigation sys- 
tem in motor vehicles. 
_... As such, it may be 
used with the global 
positioning system 
(GPS) and suitable 
software to give an 
i: accurate fix. 


By E. Krempelsauer 
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THE SYSTEM 

Automotive electronics keeps on 
advancing at a high rate, thanks to the 
power, reliability and, last but not least, 
the steadily decreasing cost of its com- 
ponents. Microelectronics has reached 
the stage where it has become possible 
to use systems in motor vehicles that 
are far more complex than the track 
control and antilock braking systems 
(ABS) of yesteryear. Electronic distance 
control based on radar measurements 
is already in production. Active steer- 
ing control and electronic brake-by- 
wire (no hydraulics required) are in an 
advanced stage of development. Auto- 
matic vehicle control on motorways is 
beginning to look a practical proposi- 
tion. To prevent the driver getting 
bored, the on-board multimedia PC 
provides entertainment, information 
and worldwide communication via 
digital video disk (DVD) and mobile 
connection to the Internet. 

One of the most interesting 
developments is the availability of a 
satellite-controlled automatic posi- 
tioning system. This has been in 
operation for some time, but has 


only recently become available on 
the consumer market. 

The system is NAVSTAR, a highly 
complex navigation system, originally 
developed by the US Department of 
Defense for military purposes, but 
which can now also be used by civilian 
operators. NAVSTAR uses the propa- 
gation delay of the signals transmitted 
by a number of satellites. Each satellite 
carries a highly accurate atomic clock 
that controls the transmission of digi- 
tally coded time signals at a frequency 
of 1575.420 MHz. The satellites are 
identified by a unique code. 

Each code, referred to as the C/A 
(coarse acquisition) code is 1023 bits 
long and repeated 1000 times a second, 
producing a rate of 1.023 Mbit’s. 

In order to obtain a fix in three 
dimensions, it is necessary to obtain 
data from three satellites. Since posi- 
tional accuracy will not be uniform 
across the earth’s surface, a fourth 
satellite is always used to provide a 
cross-reference. 

Differential GPS improves the 
accuracy of fixes to within 1 m by 
the additional use of a fixed GPS 
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receiver located at an accurately 
known position. 

The computer in this reference 
receiver compares its position with 
that obtained from GPS so that it can 
calculate a correction factor. This is 
then transmitted to all suitably 
equipped mobile GPS receivers, where 
it can be applied to the coarse fix to 
calculate a position accurate to better 
than 5 m., 

With the advent of small comput- 
ers, a whole new family of GPS 
devices has appeared on the market. A 
laptop personal computer (LPC) can 
easily be fitted with a Sat-Nav receiver 
and a small external antenna to pro- 
vide a small, mobile navigation system. 

Active antennas now available for 
use in motor vehicles allow the 
receiver to track up to eight satellites 
simultaneously. With the processing 
power of the LPC, it is possible to 
obtain location fixes accurate to 
within 25 m. 

When a car speed sensor, a vibra- 
tion gyroscope, and some suitable soft- 
ware are added, the computer, in con- 
junction with the maps contained in 
the CD-ROM, is able to calculate the 
most favourable route to follow, regu- 
larly provide fixes, and provide the 
driver with road information — visibly 
via an LCD display and audibly via a 
small loudspeaker. Soon the driver will 
be able, thanks to RDS (radio data ser- 
vices, called RBDS for radio broadcast 
data system in the USA), and DAB 
(digital audio broadcasting), to obtain 
information on the traffic situation 
ahead and take appropriate action. 

Complete systems already available 
are “Travel Pilot’ from Blaupunkt, 
‘Route Planner’ from Magneti Marelli, 
‘CARIN’ from Philips, as well as a sys- 
tem from Alpine. Recently, Siemens 
decided not to make its IDIS (inte- 
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grated driver infor- 
mation system) avail- 
able other than to car 
manufacturers. It is 
available on Porsche 
cars as an optional 
item under the name 
PCM (Porsche Com- 
munication Manage- 
ment). The system 
includes not only the 
navigation equipment, but also the 
car’s audio installation, a mobile tele- 
phone, and an on-board computer. 

The map data contained on the 
navigation CD-ROM for European 
areas are provided, at the time of writ- 
ing, by only two concerns: NavTech 
and TeleAtlas. 


EQUIPMENT 


The block diagram of a typical car nav- 
igation system is shown in Fig-ure 1. 
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The system consists of 
the equipment 
already mentioned 
plus an RDS-to-TMC 
(traffic message chan- 


nel) interface 
(car/road informa- 
tion). 


The car/road data 
are derived by all 
manufacturers from 
the pulses provided by the electronic 
rev counter (in the few rare cases that 
the car has a mechanical rev counter, a 
pulse generator is added). The wheel 
sensors used by Blaupunkt are rather 
too intricate for the present purpose. 
Until recently, Blaupunkt provided an 
electronic compass with the relevant 
magnetic-field sensor fitted to the rear 
window. This has been replaced by a 
small gyroscope (also fitted by the 
other suppliers). Blaupunkt uses one 
based on a tuning-fork sensor from 
Panasonic, whereas the others have 
chosen a_ piezo-electric model 
(‘Gyrostar’) from Murata. 

Like the GPS receiver, the com- 
puter, and the CD-ROM drive, the 
gyroscope is incorporated in the cen- 
tral processing unit, The only external 
items are the antenna, the LC (liquid 
crystal) display, the loudspeaker, and 
the control unit (see Figure 2). 

The monitor is a colour LCD with 
an active four or five digit (10 cm or 
12.5 cm) TFT (thin-film transistor) dis- 


play. There are also small mono- 
chrome displays which can indicate 
direction and distance by means of 
appropriate symbols, but these are not 
suitable for displaying maps (see Fig- 
ure 3). 

The cost of these systems is still 
prohibitive for most car owners (but 
not owners of heavy-goods vehicles). 
The simple distance-and-direction sys- 
tems cost from about £2,000 upwards, 
depending on specification. The 
CD-ROM with maps costs close to 
£100, but 6-monthly up-dates are 
needed (advisable?) at about £75. 

Speech reproduction need not be 
by a separate loudspeaker, but can be 
arranged via the car’s radio/cassette 
player. Some suppliers, e.g., Philips 
and Alpine, fit the loudspeaker in the 
monitor. 

The control unit is normally of the 
remote variety in case of a retrofit, but 
is usually mounted in the instrument 
panel in case of a factory-fitted instal- 
lation. 


NAVIGATING 

The systems are all based on dead 
reckoning. This is an estimation of the 
position based on the direction and 
the speed of travel and the time 
elapsed since the last position was 
established. These quantities are mea- 
sured by the relevant sensors and the 
estimated position is based on these 
and the CD-ROM maps. 

Owing to the inadequate accuracy 
(better than 5 m) of the GPS system for 
automobile purposes, it is used to 
establish an approximate fix, Then, the 
computer couples this to the dead 
reckoning information and the maps 
in the CD-ROM to establish a much 
more accurate position. Note that this 
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is a continuous process. When the 
computer receives data indicating that 
the vehicle does not follow the correct 
outline of the road it is on (as indicated 
on the electronic map), it corrects the 
position until the movement of the 
vehicle is righted. 

The fix can be made even more 
accurate on the basis of a bend in the 
road or a change of direction at a 
cross-roads. The map matching, that is 
the continuous comparison of the eval- 
uated sensor outputs with the data on 
the electronic maps, results in an accu- 
racy of better than a few metres. This 
accords with the accuracy of the elec- 
tronic maps, which in towns and cities 
is of the order of 2-5 metres and out of 
town within 25 metres. 


HARDWARE AND 
SOFTWARE 

In most systems the software for the 
computer is contained on the map 
CD-ROM. This ensures that when the 
disk is updated, the latest version of 
the software is available, This saves 
some money, because the computer 
has no hard disk. On the other hand, 
it has a relatively large RAM; for 
instance, 4 Mbyte in the 
TravelPilot RGS06 from 
Blaupunkt. The CPU in 
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this system is a 16-bit microprocessor 
from NEC's V50 family. The software 
is programmed in ‘C’ or ‘Ct+", 

The power of the system depends 
really on the quality of the software 
and the data on the CD-ROM. It is, of 
course, important that the electronic 
maps are fully detailed as to traffic 
restrictions, such as ‘no left’ or ‘no 
nght’ turns, pedestrian precincts, pri- 
ority at crossings, and so on. Each 
update corrects and expands the data- 
base, but there is also a facility to cor- 
rect or add a particular aspect via the 
software. 

The standard function is a turn by 
turn indication via clear arrow sym- 
bols for the direction and a distance 
indication in metres or as a bar, com- 
bined with an audible message (see 
introductory photograph and Fig- 
ure 3), which is in one of several lan- 
guages. 

The arrow indications may be 
replaced by relevant markings on the 
streetmap (see Figure 6). Distinctive 
features, such as crossings, street 
names, topographic symbols, wanted 
destination (typed in, chosen from a 
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list or clicked on), and so on, may be 
detailed by zooming in (automatically 
or manually). 

The most accurate selection in town 
and city are crossroads in the area of 
the destination. To simplify the 
approach to the destination, all 
CD-ROMs contain data on particular 
locations, such as hotels, airports, rail- 
way stations, petrol stations, parking 
garages, parking places, hospitals, and 
so on. These can be selected directly. 
Even house numbers may be selected, 
although there may be restrictions on 
these owing to incompleteness of data. 

At present, entire streets and 
squares can only be found in bigger 
towns and cities, but with every 
update, more and more detail becomes 
available. There are special CD-ROMs 
available — at a price - with travel, 
restaurants and hotel guides (Merian- 
Scout), or golfclubs! 


TELEMATICS* 

The best navigation system does not 
help much when you are stuck in a 
traffic jam. If, however, you are 
warned of such a jam before you get 
there, it can be of great help, because 
it can compute an alternative route 
within seconds. A recent addition to 
the radio data system is the traffic mes- 
sage channel (TMC), which is already 
incorporated in the latest car radios. 
This channel makes it possible for the 
navigation system to process traffic 
information directly and provides 
dynamic guidance via the RDS-to- 
TMC link. 

A similar link may be used in future 
DAB radios. In principle, DAB car 
radios, even without being linked to a 
navigation system, will be able to dis- 
play on a separate colour monitor 
actual and individual traffic news. 

The combination of a mobile tele- 
phone and a small GPS terminal in a 
motor vehicle supplies the traffic com- 
puter with data on the GPS fix , which 
enables it to assume the function of 
dynamic guidance, If this proves suc- 
cessful, the autonomous navigation 
system with CD-ROM may well 
remain a niche market. The future will 
then belong to the integrated infor- 
mation and communication system in 
the vehicle, that is, telematics, used as 
an aid to navigation. 

[SAKIF2] 


* Telematics is the integration of camputer-processing 


applications coith felecornmuanications capabilities. 


Handing on 

to the very young 

Dear Editor: | am concerned about 
the shortage of young engineers 
in this technological age. 

Ouring the 1920s, many became 
interested through building wire- 
less sets, When | was a student 
during the 1950s, there was a pio- 
neering interest in home-built tele- 
vision and tape recorders. But 
looking though current kit cata- 
logues | find few projects which 
are simple and attractive enough 
to interest children under, say, 10 
years of age. 

The following describes an 
approach to overcoming these 
problems. | believe that you must 
have a number of readers who are 
parents and would find it of inter- 
est, 


Having met with some success in 
introducing technology to my three 
grandsons, | would like to explain 
our practical activities over the 
past few years so that others may 
benefit. My experience is with 
boys aged up to 7 -- | see no prac- 
tical reason why girls should not 
benefit too. 

It all came about because of 
the following. 
1. My daughter and son-in-law 
needed back-up in keeping three 
lively youngsters occupied, par- 
ticularly during the school holi- 
days. They were therefore keen for 
any help to be a success. 
2. Such young boys have such a 
keen appetite for new experiences 
that it seemed a pity not to chan- 
nel this drive into a useful direc- 
tion. 
3. | was aware of the fact that 


We can only answer questions or remarks of general interest to our readers, con- 
cerning projects not older than two years and published in Elektor Electronics. In view 
of the amount of post received, it is not possible to answer all letters, and we are un- 
able to respond to individual wishes and requests for modifications to, or addi- 
tional information about, Elektor Electronics projects. 


society needs a more plentiful sup- 
ply of keen, practical engineers for 
the future. 


Early efforts to involve the eldest 
child presented few problems. | 
found that up to the age of about 
5, play takes the simple form of a 
desire to ‘bash things up’. | have 
a small workshop in the house, 
and an ample supply of old print- 
ed circuit boards that would 
respond to the old wire cutters or 
hammer. We have a convention 
that grandpa keeps any valuable 
salvaged components. 

For safety, it is necessary to 
accompany the child continuous- 
ly, pointing out how to avoid injur- 
ing the hands or eyes. No child 
wants to be hurt, but the enthusi- 
asm is likely to get the better of 
him at times. Up to the age of 6, | 
allowed him to use wire cutters, 
pliers without the shearing cutters 
used on electrician’s pliers, light 
hammer, wire strippers, and 
screwdrivers. It is problem when 
the second child arrives on the 
scene, wanting to join in. After 
some worrying sessions with two 
or three, | had to conclude that it 
is only possible to supervise one 
child a a time. That way, it has 
been possible to limit injury to 
minor scratches needing nothing 
more than an adhesive plaster to 
Clear away the tears. 

When he was 6, | began to step 
up the inducement to start a con- 
structive project. Note here that 
broadcasters and school staff are 
obsessed with the word ‘science’. 
This implies theoretical principles 
rather than functional hardware, 
and is a passport to a child’s apa- 
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driven device (for safety) which 
was rather unusual, but would play 
a part in the children’s play when 
complete. The solution came from 
the eldest child. He wanted a traf- 
fic signal. The specification soon 
fell together, with the help of the 
Maplin catalogue. It is very impor- 
tant to prepare each session 
before the child arrives. 


Specification for chosen project 
PP3 battery. 

4 sets of red, amber and green 
LEDs, large, one of the sets in 
each of the four faces of a single 
signal head. 

4-position rotary switch which, 
turned clockwise, is hard-wired via 
diodes to give the correct signal- 
light sequence for a pair of inter- 
secting roads. 

Battery switch. 

Signal head made from pieces of 
oak. Post of brass tube, support- 
ed on an aluminium box for con- 
trols and stability. 

lt is as well to buy some 20% 
spare components. They tend to 
get lost or damaged. 

Total height 24 cm. 


Construction is proceeding apace, 
the mechanical part being com- 
pleted first. It is practical to use 
most hand tools, guiding his hand 
with saws and files. When the 
electrical construction follows, it 
teaches him a good deal if much 
testing is done. It is stimulating as 
he likes to see the facilities spring- 
ing to life. At this early stage there 
is no need for Ohm's law and 
other theory, but | have shown or 
told him the following. 


thy. What | sought was a battery- 


1, What happens if too much cur- 
rent is passed through a wire. This 
was done by shorting an old car 
battery with a piece of mains 
cable, with child standing well 
back. 

2. How some components have 
to be connected the right way 
round, while others do not matter. 
The clearest example is an LED. 
3, How too much current will run 
a battery down fast, for instance, 
with a short circuit. An analogue 
voltmeter is best, although the 
units and numbers do not yet 
mean much to him, 

4. How getting involved with the 
mains can lead to severe shock or 
even death. Death stories appeal 
to the very young. 

5. How other metal parts as well 
as wires can conduct current. 


Bear in mind that the whole 
involvement is a kind of practical 
play, and it is wise to get junior to 
do as many of the processes as 
possible. This makes him feel 
keenly involved. 

We now come to soldering. | first 
showed him how the iron quickly 
reached the temperature where it 
would boil water (spit), and how 
it continued to heat up until it 
would melt metal (solder). | then 
went on to state how parts of the 
iron became hot enough to cause 
burning, insisting that | and only | 
should handle the iron. Danger 
appeals and concentrates the 
junior’s attention. | repeated the 
description of the dangers as they 
occurred, of remaining with the 
iron for all the time while it was 
hot. It is important to demonstrate 
that soldered items take time to 
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A special low-frequen 
loudspeaker 


The designer of a loudspeaker needs the knack of 
being able to choose a number of drive units that 
match and complement each other. In the design 
presented in this article, this was achieved by marry- 
ing two Vifa woofers to a Scan-Speak tweeter. Vifa is 
a large Danish concern well-known for ifs quality 
loudspeakers, while ScanSpeak is a small producer, 
also Danish, of high-end loudspeakers. 


By cour Eecditearical Steatt 


a top-class Danish loudspeaker 
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There are no clear-cut rules or recipes 
for designing a top-class loudspeaker, 
since the quality of reproduction 
depends on a number of factors. A 
good designer has the ability to choose 
all the correct parts and weld these 
together in such a way that a perfectly 
balanced unit results. 

The drivers chosen for the Premium 
33 are the Type D2905/9500 dome 
tweeter from Scan-Speak and two Type 
PL18WO-09/08PL woofers from Vifa. Lis- 
tening tests show that these form an 
excellent match. 


box design 


The starting point of the design of the 
Premium 33 was a slender enclosure 
about one metre high in which a num- 
ber of first-class drivers were to be fitted 
for natural reproduction of sound. The 
final choice fell on two 18 cm woofers 
and a 28 mm tweeter configured as a 
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2.5-way system. This means that one 
woofer and the tweeter cover the entire 
audio frequency range; the other 
woofer has a supporting role in the 
bass range. 

The design of the box is a Briggs con- 
figuration, which combines the good 
impulse performance of a closed box 
with the extended low-frequency range 
of a vented enclosure. The enclosure is 
divided into two by a partition. The 
resulting upper chamber, which houses 
one of the woofers, is arranged as a 
closed box with a Q factor of 0.5. The 
lower chamber, housing the second 
woofer, is vented. The two chambers 
are linked by two flow resistances in the 
partition. 


drive units 


Traditionally, Vifa has always produced 
drive units at affordable prices. Of late, 
the firm has, however, also begun mar- 


Ferrofiuid, developed in the USA, is often applied to the magnet gap of drive units. It consists of a stable, inert 
organic diester base containing a colloidal, that is, non-settling, dispersion of ferromagnetic material. The liq- 
uid is sufficiently magnetic to remain firmly trapped in the regions of greatest field-strength, that is. the gap 
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keting top-class drivers 
whose price takes 
second place after 
quality. The eleven 
drivers in this Pre- 
mium line are 
elegant units with 
outstanding spec- 
ifications, both 
electrical and 
acoustical. 

Of the eleven drivers = 
the Type PL18WO-09/08PL “=i 
was chosen for use in the Pre- = 
mium 33 (see Figure 1). This is an 18-cm 
cone-diaphragm woofer, which has a 
straight, smooth frequency response. 

The sound radiating element (diaphragm) 


Figure 1. The drive units used in the Premium 33. The woofers are 
part of Vifo’s Premium line, while the tweeter comes from the 
s: Scan-Speak catalogue 


= is manu- 
m factured from 
= handmade, _ air- 
were Cried paper. 
The 40 mm motor coil (voice coil) can 
produce a linear deflection of +8 mm - the 
maximum deflection is 14 mm! 

The magnet has a diameter of 113 mm to 
provide the requisite powerful field in the 
magnet gap. 

A sturdy cast frame (chassis) ensures the 
necessary rigidity of the drive unit. 

Vifa specifies a power handling capacity 
of 100 W continuous, 300 W with a 1-minute 
signal and 2-minute interval, which are very 
high values for an 18-cm unit. 

The tweeter is a dome model Type 
D2905/9500 from Scan-Speak. This is an 
improved version of the Type 9300, which 
has been provided with the magnet assem- 
bly and anti-resonant plug in the rear cavity 
already used in the well-known Revelator. 

With a dome diameter of 28 mm, the 
tweeter is large by modern standards, but 
ideally suited for use in two-way systems. Its 
resonant frequency is low (550 Hz). 

High-viscosity ferrofluid in the magnet gap 
ensures good linear performance of the 
magnet coil. 

The thick metal front plate makes it possi- 
ble to countersink the fixing screws. 


box construction 


Top-class drive units need a top-class enclo- 
sure to give of their best. So, the enclosure 


Figure 2. Construction diagram of the enclosure which is 
divided into two chamber by means of a partition that 


~ Dimensions in mm ; 
: holds two flow resistances. 
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D2905/9500 


972054 - 11 


Figure 3, Circuit diagram of the crossover network and the (optional) impedance cor- 


recting circuit. 


walls are made of 25 mm (1") thick 
medium-density fibreboard (MDF), while 
the front panel is 32 mm (1.26") thick 
MDF. Moreover, the inner walls are clad 
with lead-impregnated bituminous 
material to prevent any wall vibration. 
This cladding is covered with 42 mm 
(1.65") thick latex foam. 

The construction diagram of the 
enclosure is shown in Figure 2. Note 
that the partition is at about 2/3 of the 
height of the box. As mentioned earlier, 
two flow resistance provide controlled 
coupling between the two chambers. 

The front of the enclosure is clad with 


thin black felt as a further measure to 
dampen reflections. 

The base of the enclosure is filled 
with sand to prevent any vibrations 
being transmitted to the floor. 

The final finish of the enclosure is left 
to the constructors personal prefer- 
ence. The prototype box is spray- 
painted black, followed by a another 
layer of black paint and finally sprayed 
with a neutral lacquer. 


network 


The crossover circuit (Figure 3) consists 


crossover 


100.0 Serre 1000.0 
log Frequency -— Hz 


Transfer Function Mag - dB SPL/volts (0.33 oct) 


Impedance Magnitude - ohms 


of two sections: the filters proper and 
an optional impedance-equalizing net- 
work, The optional network is particu- 
larly useful when a valve power ampli- 
fier is used. The impedance curve is 
given in Figure 4. 

Aided by inductor L;, the lower 
woofer, LS), reproduces frequencies up 
to about 200 Hz. Inductor L| is a top- 
quality component to ensure that the 
distortion remains low even at high out- 
put powers, 

The upper woofer, LS2, reproduces 
frequencies up to about 2 kHz. After 
that, its response rolls of at 12 
dB/octave owing to circuit Ly-C}. 

Frequencies above 2 kHz are repro- 
duced by the tweeter, LS3. The relevant 
12 dB/octave high-pass filter is formed 
by Co-C3-L3, Capacitors C2 and C3 are 
special tin-film Components that give 
marginally better performance than 
polypropylene (MKP) types. Resistors 
R,-R3 attenuate the output of the 
tweeter by a few decibels so as to 
equalize it with that of the woofers. If a 
higher tweeter output is desired, the 
values of Ro and R3 may be changed 
marginally by trial and error. 

The optional impedance matching 
circuit consists of three branches. 
Inductor Lg and capacitor C, attenuate 
the 60 Hz resonance peak of the enclo- 
sure and woofers. 

Inductor Ls and capacitor Cs, atten- 
uate the impedance peak near the 
cut-off point. 

Capacitor C, counters the increase 
in impedance at high frequencies. 

Resistors Ra-R; ensure that the mini- 
mum resistance of the correction net- 
works does not drop below a certain 
value. 

The frequency response of the Pre- 
mium 33 is shown in Figure 4; that of the 
vented chamber is given separately. 
Below the characteristic is the imped- 


1o0000.0 


447 
1000.0 
log Frequency - Hz 


Figure 4, Frequency response characteristic and impedance curve (measured with and without the correcting circuit) of the 


Premium 33. 
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Part list gd SSNS) 


Drive -anits: 
iS Asse PL1@Ww0-09/08PL (Vila) 
eZ = D2905/9500 <> 


Crossaves network: 

RE AS OAW 

Ag = 2:2 0,4 W 

Rg = 472 

C, = 10 uF, polypropylene (MKP) 

Cy = 2.2 uF tin-film (KPSn) 

Gq = 4.7 uF tin-film (KPSn) 

L, = 8.2 mH, 0.3 Q, HQ core 

Lp = 22 mH, air-cored, 1.4 mm dia. enam- 
-elled copper wire” 

bg = 0:22 mH, air-cored, 0.71 mm dia. 
enamelled copper wire 


imipedance- matching: circuit (optional): 
ByeRe SAD Lee 20 WE 
Cz= 330-135 V-bipolar electrolytic 
Cp = 82 iF 35 -V, bipolar electrolytic 
Cg = 3.3 /F; metallized polyester 
le= 22 mH, As Q, Corobar core 
i= 0:22 mH; alt-cored,-0-71-mm dia. 
enamelled copper wire 


Enclosure: 

Medium-density fibreboard (MDF) or high- 
density chipboard 

2 off 1050«240-mm {(41.34"«9.45"); 
25 mm (1”) thick (side panels) 

oft 1050:%210-mim (41.34" 8:27"), 
25mm (1"}-thick {rear panel} 

off 1050* 210 mm-(41.34"x8:27"), 
32 mm (1.26") thick (front panel) 

2 off 240x160 mm (9.45"x6.30"), 25 mm 


(17) thick {top panel-and partition) 
Figure 5, The terminals for connecting the external loudspeaker cable(s) are heavy duty Base: 
types, which also make bi-wiring possible. {off 240% 160-mm (9.45"x6.30"), 25 mm 
Ce yAhick 
2 ONAGOX75 mm {630° «3,25 mmA1) 
thick 
ance curve: the upper line is measured Listening evaluations (with different 2 OASO*TS TM {TAB *S'},-25 mes (17): 
without, and the lower line with, the cor- audiences) confirm that the sound 4 AGE MMATAS”*4.33")25-mm 
rection circuit. reproduction of the Premium 33 is well- (4° thick 
balanced with a well-defined bass and 
subjective evaluation good high-frequency presence with lit- Miscellaneous: 
tle or no colouration. The stereo image 1 off heavy-duty terminal box (if required, 
Although the quality of the Premium 33 depth gives good dimensional quality. suitable for bi-wiring) 


is clear from the choice of drive units, 
the design of the crossover network, the 
quality of the filter components, and 
the care taken in the construction of 
the enclosure (with special emphasis on 
the internal damping), it is ultimately the 
listening pleasure that makes a loud- 
speaker wanted, loved or cherished. 


‘-bass reflex port, 70-mm 4276") inner 
dig. A747 min (5:79")1ong 

2 off flow resistance (Scan-Speak) 

‘ Lead-impregnated bituminous material 
(supplied in sheet form) 

About? m= ot-42 mm-(1-65") thick latex 
foam sheet 

About 05 m-{5-sq-tt) acoustic: wadding 

Sand as required for filling the base 


It is felt that the Premium 33 at a 
price of about £ 350 per box will prove 
irresistible to the hi-fi enthusiast. 


LOUDSPEAKERS & PARTS 


Vifa PLI8WO-09/08 
Scan-Speak D2905/9500 

Eton 8/472/32 hex 

Peerless CSC-145G 

Seas K21FD (H589) 
Scan-Speak flow resistance 
Premium-33 PCB without parts 


We ship loudspeakers and X-over parts to all countries of the world. With a full year of warranty! 
Since 1986 we are the official Benelux distributor of several leading loudspeaker-manufacturers like 


Vifa & Scan-Speak. The stated prices include VAT, but ar exclusive of shipping-costs (appr. £ 15,-) 


.31.412.626610 
31.412.633017 
audiocom @ worldontine.nl 


Audio Components BV Tel.: 
Ussenstraat 2a, PO-box 554 Fax: 
5340 AN OSS, Netherlands email: 
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In this design, the German firm Interlechnik (IT) has 
combined three drive units from different 
manufacturers. The rectangular enclosure is kept very 
small by placing the woofer at the side of the box. 
The use of two slanted grilles, one at the side and 
one at the front gives the enclosure a distinct identity. 


By cour Ecjitesrical Stecatt 


Tolomeo 


an elegant three-way 
loudspeaker system 


The first thing one notices about the 
Tolomeo is the very narrow front 
panel of only 18 cm (7.09"). This nor- 
mally means one of two things: small 
bass drivers have been used, or the 
designer has devised an unusual way 
to obtain good low-frequency per- 
formance. 

In the Tolomeo, the woofer has 
been placed at the side of the enclo- 
sure — a method currently used by a 
number of manufacturers. It allows 
the use of a woofer whose diameter 
is larger than the width of the front 
panel (the Tolomeo uses a 20 cm or 
8” bass driver). 

The volume of the vented enclo- 
sure is 30 litres. The bass reflex port is 
located at the rear of the box. 

The mid-range driver and twee-ter 
are fitted conventionally to the front 
panel. The midranger has its own 
chamber of about 3 litres. 


drive units 

The woofer is a Type 8-472/32 
HEX from the German manu- 
facturer Eton. This firm was bet- 
ter known a few years ago 
when it introduced Hexacone 
diaphragms, which consist of 
two layers of fibre-glass sepa- 
rated by a honeycomb rein- 
forcement. 

Eton is currently making a 
comeback in the loudspeaker 
market and has a catalogue 
of top-grade drive units which 
all use Hexacone diaphragms. 

In the woofer used, the Hexa- 
cone diaphragm is suspended 

from a strong cast supporting 
basket chassis). An unusual aspect is 
the so-called heat pipe, a metal pipe 
that protrudes from the front of the 
diaphragm to provide adequate 
heat transfer from the motor coil. 
Because of this, the manufacturer 
quotes power handling capacities of 
250 W (music) and 500 W (impulse). 

The mid-range driver is a Type 
CSC-145G from the Danish firm Peer- 
less, which has a diameter of 14.5 cm 
5.71"). ts frequency response is very 

smooth, which is attributable mainly 
to the diaphragm material. This con- 
sists of three layers of polypropylene 
that have been _ heat-pressed 
together. The result is a diaphragm of 
uniform thickness and better internal 
damping than would be obtained 
with a single layer of polypropylene. 

The tweeter is a Type K21FD from the 
Norwegian manufacturer Seas. This 
has a dome diaphragm made from 
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an aluminium alloy. The suspension 
consists of a soft layer of PVC - poly 
(vinyl chloride). Ferrofluid* in the mag- 
net gap provides the requisite cooling 
and damping of the motor coil. 

The unit combines a very linear fre- 
quency response from 2 kHz upwards 
with an excellent radiation pattern. 


enclosure 


Te design of the 1-metre (39.37") high 
enclosure, whose construction dia- 
gram is shown in Figure 3, is straight- 
forward, Basically, it is a rectangular 
box that is rather narrower and 
deeper than the standard ones usu- 
ally encountered. It has a reinforcing 
brace at the centre and slanting par- 
tition towards the top. The slanting 
partition serves to provide a separate 
closed chamber with a volume of a 
few litres for the mid-frequency driver. 

The enclosure obtains its distinct 


Ferrofluid, developed in the USA, is often applied to the magnet gap of drive units. it consists of a stable, inert organic diester base containing a colloidal, that is, 
non-settling, dispersion of ferromagnetic material. The liquid is sufficiently magnetic to remain firmly trapped in the regions of greatest field-strength, that is, the gap. 
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character from the grilles shown in 
the construction diagram. The lower 
slant of that the side meets the upper 
slant on the front panel. Constructors 
may, of course, incorporate their own 
preference here. 

The enclosure, including the cham- 
ber for the midranger, should be 
damped by filling it loosely with poly- 
ester wadding to suppress standing 
waves. 

The bass reflex port located at the 
back of the enclosure has an inner 
diameter of 70 mm and is 250 mm 
long. 


crossover network 


The crossover network ensures Correct 
frequency change-over between the 
three drivers. Its circuit diagram is 
shown in Figure 4. 

Aided by inductor L;, the woofer 
reproduces frequencies up to about 
200 Hz. Circuit R,-C, in parallel with the 
driver linearizes the impedance of the 
woofer at high frequencies. If this were 
absent, the inductance would not work 
into a resistance and consequently not 
perform its function correctly. 

The mid-frequency driver repro- 
duces the frequencies between 
200 Hz and about 3 kHz, where the 
tweeter takes over. The cut-off fre- 
quency is determined by low-pass fil- 
ter Lo-C3. If the best performance of 
this driver is desired, impedance-cor- 
recting network Ro-L4-Cs5-C, may be 
added. 

The tweeter should, of course, 
reproduce only the high frequencies, 
and this is ensured by high-pass sec- 
tion L3-C4. 

As in all multi-way loudspeaker sys- 
tems, mind the polarity of the drive 
units. In the Tolomeo, the mid-fre- 
quency driver is out of phase with the 
other two units. 


good balance 


Obviously, the acoustic properties of 
the Tolomeo are at least as important 
as its physical appearance. When lis- 
tening to a variety of different music, 
there appears to be a good balance 
between the three drivers in the 
Tolomeo, which results in a very well- 
balanced and natural reproduction. 
These subjective tests are confirmed 


Figure 2. The mid-frequency driver from 
Peerless also has a layered (polypropy- 
lene) diaphragm, while the tweeter 
from Seas has an aluminium dome 
diaphragm, 
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Figure 1. The bass driver from Eton, which has a layered diaphragm and heat pipe, 


is fitted in a side panel of the enclosure 
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Figure 4. The crossover network pro- 


vides a separate 


impedance 
midranger. 


and optional) 
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correcting network for the 


ularly suitable for classical music and 


but it also does well in respect 
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In fact, 
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of more modern mus 


Tolomeo 
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f the enclosure: note the central stiffening 


brace and the slanting partition towards the top. 


Figure 3. The construction diagra 
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Figure 5. The smooth frequency 
and below it the Impedance curve. 
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cool down. The actual soldering is 
done thus: | hold the parts in con- 
tact and apply the iron, while junior 
applies the solder. This works well, 
as he provides the oft wanted 
‘third hand’, 

Using the methods described 
above, it should be possible to 
construct a device that is reliable. 
Do not worry too much about the 
finished appearance. It is an 
achievement to complete the pro- 
ject at all. Glues like white wood 
glue, clear Bostik and Plastic 
Padding have great appeal, and 
paint is no exception; but be ready 
with plenty of clean rags and sol- 
vent. Remember that mothers are 
particular about paint on clothes, 
and that solvents may well cause 
temporary damage to junior skin 
unless itis washed off immediately 
afterwards. 

The time span of interest for the 


The Wall Box 
November 1997 - 970091 
The outside diameter of the PVC 
tube for the bass reflex port 
should be 40mm, not 44mm. 


Frequency Meter and 
Event Counter Module 
October 1997 - 970077 

The drawings in the inset ‘Prin- 
ciple of measurement’ were 
mangled by our phototypeset- 
ting machine. The correct draw- 
ings are reproduced here. 


very young varies from child, but 
be ready for him to start playing 
at almost any stage. He will prob- 
ably come back in a while. 
When the project hardware has 
been completed and tested, it 
must be given to junior to keep. 
This is a powerful inducement to 
complete it. 

| have no doubt that there can exist 
a vast difference between the psy- 
chology of one child and the next. 
This letters should therefore be 
taken as general guidance only. 
Nevertheless, | wish you well in ini- 
tiating new, keen and practical 
engineers. An early start can be the 
best basis for a lifetime interest. 
J.M. Bentley, Loughborough 


Congratulations on your mar- 
vellous endeavours! Efforts like 
yours will hopefully do much to 
restore the strength of (elec- 


opt 
m Tg 


Tg 


t g00124~1-13 


Switchboard allows PRIVATE READERS of Elektor Electronics one 
FREE advertisement of up to 106 characters, including spaces, com- | 
mas, numerals, etc., per month, The advertisement MUST relate to 
electronics, and it MUST INCLUDE a private telephone number or 
name and address; post office boxes are NOT acceptable. 

Elektor Electronics (Publishing) can not accept responsibility for any 
correspondence or transaction as a result of a free advertisement or 
of any inaccuracy in the text of such an advertisement. 
Advertisements will be placed in the order in which they are 
received, Elektor Electronics (Publishing) reserve the right to refuse 
advertisements without giving reasons or without returning them. 


WANTED Operation manuals for 
Tascam244 Portastudio recorder 
and Akai 1721L reel tape recorder. 
Photocopy will do. Phone J.S. 
Mundell on (0181) 2418188, 


FOR SALE Tektronix 7904 oscillo- 


Elektor Electronics 


scope, 2x dual trace amps, delaying 
timebase & logic analyzer with man- 
uals, £250. 

Tel. 01844 338959, Mr. G. Morgan. 

FOR SALE Barco large-screen video 
projector, believed to be complete but 
untested and likely to need attention. 
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tronics) engineering in our coun- 
try. Comments from other par- 
ent readers are welcome. [Ed.] 


Pioneer of Computing 

Dear Editor, as an amateur who 
occasionally dabbles in electron- 
ics, | have recently become 
intrigued by some of the early pio- 
neers of computing. Especially 
interesting is the work of Conrad 
Zuse who built a calculating 
machine constructed from sever- 
al thousand electromagnetic 
telecommunications relays in 
Germany around 1934. | believe a 
working example still exists in a 
museum there and fills a whole 
room. | am attracted to the possi- 
bility of building a device along 
these lines as logical thought and 
patience are the main require- 
ments, the individual components 
being straightforward. There is 


£250, buyer collects. Some spare 
parts for Barco's available, too. 
TR. Wiltshire, (0118) 9701 163. 


FOR SALE Powered subwoofer sys- 
tem. Write to ZH. Ashim, 591 
Padang Lalang, 14120 Penang, 
Malaysia. Phone/fax 604 588 6019. 


FOR SALE EPROM programmer, 
built (no case), + software, Elektor 
March 97, at cost price £50. Phone 
Bill Brown on (0194) 625660. 


WANTED National cathode-ray 
oscilloscope model VP-513A manu- 
als or diagram. Willing to pay. John 
S. Syros, 26 Kyprou Str., Athens 
141-22, Greece. 

WANTED Microguard 600-40 UPS 
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also the satisfaction of making 
such a device function without the 
use of a single semiconductor. 
Circuit diagram for such a machine 
are a little hard to come by! My 
own design for a modest device 
Capable of performing additions of 
two, eight digit, decimal numbers 
and multiplication by serial addi- 
tion, requires about 200 relays. 
Whilst it should work, | wonder if 
anyone else has experimented in 
this way for their own amusement 
in recent times, and if they would 
be prepared to correspond with 
me. It may be that my design can 
be made more efficient before | 
begin the rather laborious task of 
construction. 

John Dingly, Swansea. 


Anyone interested in this under- 
taking, please get in touch with 
the Editor. 


circuit diagram or service manual 
details, Phone Angus MacKenzie on 
(0150) 8493124. 


WANTED Circuit or device that will 
telephone my home number when 
my office burglar alarm is set off. 
Phone Joe Ruston on (0181) 947 
6616 


FOR SALE Kits for 1.2 GHz 
Multifunction Frequency Meter (EE 
Dec 1992). Unmatched project. Kit 
includes EPROM, PCB, LCD, front 
panel, drilled case, all parts and 
description. Few available, ultra-low 
price £75 each. Anita, Sibberkerkstr 
100, NL-6301-AW Valkenburg, 
Netherlands. Email techtext@worl- 
donline.nl. 
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OBSESSION AUDI 


A.remarkable aspect of loudspeaker 
building using the Internet as a pub- 
lishing medium is that many hobbyists 
who have been successful at building 
their own loudspeaker system(s) are 
keen. to share information with others. 
In many cases, complete designs are 
shown, including schematics, con- 
struction drawings, photographs, mea- 
surement results and extensive texts. 
Below we mention a few examples. 
Bill Eckle’s Speaker Projects 
http://www.gnx.com/~danh/eckle.html 
A “Do-It-Yourself” Speaker Project 
“hittp//wwwgnx.com/ ~danh/speakers.hitnil 


[50 Speaker Designer - Microsoft Internet Explorer 
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speaker construction 
also abound on the 
Net. For instance, have 
a look at 
The Subwoofer DIY 
Page 
http://www.spicetsle. 
com/audiodiys 
Wayne's Speaker 
Building Page 
http://www, netheaven 
com! ~wlarmon;speak! 
speak. itn 
Electostat fans should 
not miss 
How to Make Electro- 
static Loudspeakers 
http://www. york.ac.uk/ 
~mijgwl00/esl/estiesl- 
howto.hitm 

Home construction ‘clubs’ are also 
active on the Internet. A nice example 
is the 
Lowther Club Holland 
httpfhome.pi.net/~doppenbg 

An extensive site covering loud- 
speaker construction is 
Obsession Audio 
hittp:/feww.menibers.aol.com/Niss93/Audiof 
index.hint 
On the index page of this site, you are 
greeted by five moving woofers. The 
information found on these web pages 
includes loudspeaker accessories, loud- 
speaker construction tips and an exten- 
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tectronics on-line 
Id your own loudspeakers 


Having read this month’s Supplement on hi-fi loudspeakers you may 
feel inclined to start experimenting with loudspeaker construction. For- 
tunately, there are many sites on the Internet offering really interesting 
information on DIY loudspeaker building. 


sive list of links to addresses of (mainly) 
audio component manufacturers. A 
number of box calculation programs 
(demos and shareware programs) are 
available for downloading. There is 
also an online Javascript box and filter 
calculation program which may be 
used free of charge via the Net. 

Riveting stuff, so far? Then you 

should also visit 
The Speaker Building Page 
https//wwi.speakerbuilding.com/ 
Here you find various designs, com- 
plete articles, filter schematics, data on 
individual driver units, kits, measure- 
ment results, and software. In short, a 
real treasure-trove for all anything 
related to loudspeaker construction. 

Finally, we would like to mention 
the site 
ISD (Interactive Speaker Designer) 
http://orion.pspt.fi!~jhartikasindex.htnil 
which is run by Juha Hartikainen 
from Finland. An on-line program at 
his site allows you to perform calcula- 
tions and simulations on loudspeaker 
boxes and filters, without having to 
buy or even download the program. 
You can enter your own loudspeaker 
parameters, or choose from a vast 
database which contains all relevant 
information. 

As you can see, there’s a lot of 
information to be found on the Inter- 
net if you are interested in home con- 
struction of loudspeakers. 


(975 102-14 
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high-end oscillator for digital a 


Jitter (phase noise) is a serious 
problem in the linking of two or 
more audio units. It is invariably 
caused by poorly designed oscilla- 
tors in the recording equipment 
when this operates in the slave 
mode, that is, when it reproduces 
the system clock of the source 
equipment with the aid of a phase- 
locked Loop (PII. 

The high-end osciltator may be 
uscd to replace such a poor repro- 
duction or as a high-quality master 
oscillator In the prototype na fre- 


quency shilt was 

kinds of operating conditions. 

The high-end oscillaror has 

these advantages over a usual de- 

sign. 

* The crystal is operated in the 
senes mode instead af in the 
parallel mode as usual, since 
the resistance of the crystal at 


the resonance frequency is a 
tmninimum, while external r 
lanes doa not affeer che O fac- 


tor to the same degree. 

* The stability is enhanced by the 
use of an additional LC cirguit 
Uy-C)-Cy) tuned to the funda- 
mental frequency. 

* The crystal is shunted b y an 
inductor to compensate for its 
parasitic parallel capacitance. 
The inductor also short-circuits 
any low-frequency noise. The 
valtte of the inductor is critical, 
but can be determined empiri- 
cally, 

* In the slave mode, the oscilla- 
tor is detuned by varactor Dd, 
which is part of an external 
PLL. With the varactor used, 

capacitance changes 

from 4.50 pF by an applied 
voltage of 1-254 the fre- 
quency can be shifted by about 
+[50 ppm. Since even small 
interference signals cause fairly 
large changes in capacitance, 
the desired capacitance range 
should be kept as narrow as 


whose 


possible by choosing a diller- 
ence varactor, or by connecting 
capacitor in series 
with it, When used as a master 
oscillator, when the slightest jit- 
ter is noticeable, the varactor is 
replaced by a fixed capacitor 
The apparatus with which it is 
used must be equipped for 
genlock operation, that is, must 
have a separate clock input. 


a smaller 


With reference to the com-plete 
circuit diagram of the high-end vs- 
cillator. additional points 
should be 

Much attention has been paid 
to the decoupling of the supply 
lines, Also, the oscillator and butfer 
circutts have separate supply lines 
to ensure incterference-[ree oscilla- 
tor perfarmance 

The clock is buffered by 
stages of the non-buffered IS. The 


some 


noted. 


three 


15 [ct 13 


4...25p 


Cc 
ne 2n2 150m |470n [47 


first stage, IC),, is arranged as a 
low-gain amplifier, Too much gain 
might cause feedback of harmonics 
imo the oscillator The 
available at the ourpur via Ris, 

Diode D5 ensures that the out- 
put af the final butler is high when 
the ascitlator is off. This arrange- 
ment enables several oscillators, 
providing various sampling fre- 
quencies, to be used over one 
clock line via an AND or NAND 
gate. The desired oscillator is en- 
abled by applying 6.5 V te it. 

Components Ry, Ry and Cy are 
pact of the PLL, which determines 
their values. Surface mount devices 
(SMDs) T, and Ta may be replaced 
by standard 
BF404, 

The relationship between the 
sampling frequency, f,.., the crystal 
frequency, {.. and the value af C3 
in pF is 
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the oscillator does not work 


owing ta too high a tolerance of 


Ll, the parallel capacitance may be 
balanced by altering the vatue ol 
Cy. It may also be necessary to 
alter the value of Ch. 

Adjust timmer Cy to give a 
voltage af (2U',,. in PLL operation, 

Capacitor C, extends the nomi- 
nal frequency range of the osvilla- 
tor downwards 

The completed oscillator is best 
housed in a small tin plate enclo- 
SUC. 

The oscillator draws a current 
ol about 40 mA, 
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With the Festive Sea- 
son approaching 
rapidly, many of you 
will be thinking hard 
how to give this com- 
ing Christmas a very 
personal touch. The 
glittering and ever- 
lively ornament 
described in this arti- 
cle is highly original 
and we hope it con- 
tributes to a joyful 
Christmas for you 
and your family. 


Over the years, Elektor Electronics has 
published a number of special circuits 
for.Christmas in the December maga- 
zine. Faithful readers may recall simple 
but innovative circuits published in the 
seventies that used a fluorescent tube 
starter to make the Christmas tree 
lighting flash vividly. Later, many other 
‘designs appeared in the magazine, all 
of which based on flashing or running 
lights. A microprocessor was, however, 
never used for this. Here, we part with 
that tradition by placing a type 8751 
microcontroller at the heart of the cir- 
~ cuit: Of course, some of you may won- 
der if it is really necessary to use a CPU 
at all. Admittedly, our approach may 


Design by K. Walraven 


running lights 
for Christmas 


seem fairly drastic at first glance. How- 
ever, in the end you will probably 
agree with us that the final result 
would have been difficult to match 
with simple means. 

Before giving some thought to the 
hardware, a brief description of the 
final result. The running lights circuit 
is built on a round PCB which holds a 
total of 32 LEDs. Nine of these are 
always on at the same time, distributed 
across three groups of three LEDs each. 
These groups form running lights, 


a state-of-the-art, microprocessor- 
controlled Christmas decoration 


describing circular motions with differ- 
ent speeds. Both the speed and the 
direction (clockwise or anti-clockwise) 
are random. At certain intervals, how- 
ever, the parameters are modified, cre- 
ating a different impression all the time. 

To make the ‘movement’ of the 
lighting LEDs as natural as possible, a 
speed control is implemented which 
creates an ‘afterglow’ effect using a 
number of LEDs. The first LED in a 
group is always a high-intensity type. 
This is followed by two LEDs whose 
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High Performance Loudspeakers - 5th Edition 


By Martin Colloms 

478 pages 

ISBN 0 471 97089 1 

Price £24-95 (Paperback) 

ISBN 0 471 97091 3 

Price £ 50-00 (Hardback) 

(Wiley) 

For anyone working in, or just inter- 
ested in, audio engineering with spe- 
cial emphasis on loudspeaker design, 
this book is an absolute must on the 
bookshelf. There simply cannot be a 
better work explaining the intricacies, 
the theory, and the practical aspects of 
loudspeakers, certainly not at the 
price. 

In this completely revised and 
updated 5th edition of the widely 
acclaimed High Performance Loud- 
speakers (is it really twenty years ago 
that the Ist edition appeared?), Martin 
Colloms, the world renowned audio 
design engineer, outlines and explains 
the changes in technology that affect 
loudspeaker design, and reviews the 
many new applications and materials 
that are changing the industry. The 
book is so up to date that even the 
recently announced wave panel 
speaker technology (NXT) is included, 
as are reverse horn speakers (Nau- 
tilus) and Flat Plain speakers. 

The book includes an impartial 
overview of multi-media and Home 
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Theatre, Dolby PROLOGIC™, Dolby 
AC-3 THX, and multi-channel sur- 
round sound. 

There is a major section on digital 
loudspeaker design, optimized digital 
filters, system requirement, and digital 
active speakers. 

Furthermore, there are profiles on 
new approaches to short-path, low- 
order crossover network design, and 
sections on objective and subjective 
tests on loudspeakers. 

There is a new chapter covering 
‘Home Theatre Systems’, taking 
account of their special acoustic 
requirements, Dolby PRO-LOGIC, 
THX, and the more recent AC-3, DTS 
and MPEG digital, discrete, mullti- 
channel systems. 

The review of the computer-aided 
design has been extended, including 
the new generation of low-cost audio 
instrumentation. 

The theoretical aspects of the sub- 
ject are complemented by a new sec- 
tion that gives much practical advice 
for real-world loudspeaker design. 

There are several new topics in the 
chapter on ‘Systems and Crossovers’: 
2\% way design, external crossover, 
d’Appolito types, distortion analysis of 
inductors, digital active loudspeakers 
and low-order system design. 

A major expansion in the book is 


the section on sub-woofers, with par- 
ticular reference to the Home Theatre 
where, as the author says: “subs are 
almost mandatory”. 

Martin Colloms is a leading figure 
in the international high-fidelity audio 
industry. In 1973 he co-founded Moni- 
tor Audio, where he designed and 
developed a complete range of high- 
fidelity loudspeaker systems. With the 
company successfully established, he 
left to set up an independent consul- 
tancy, Colloms Electroacoustics, spe- 
cializing in audio equipment evalua- 
tion and test technology as well as 
high-fidelity product design. 

In addition to writing a number of 
books, he has written extensively for 
audio journals and magazines, includ- 
ing Hi Fi for Pleasure, Hi Fi Choice, Hi 
Fi News and RR and is a regular con- 
tributor to the US journal, Stereophile. 

Colloms is a member of the Audio 
Engineering Society. He also acts as 
an expert witness in technology and 
patent law. 


John Wiley & Sons Ltd 
Baffins Lane 
Chichester 

West Sussex 

England PO19 1UD 
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Every designer and manufacturer of loudspeakers is 
sure to maintain that his design is unique. Now, 
unique can mean ‘unequalled’ or ‘remarkable, 
unusual’. There is not much, if any, equipment to 
which the first meaning can be applied. The second 
meaning is the much more common one and it can 
certainly be applied in this sense to the Fontana 
loudspeaker from Visaton, particularly as regards its 


appearance. 


Fontana 


an all-rounder from Visaton 


The Fontana is an odd-looking piece of 
furniture. Furniture, because its grace- 
ful shape strikes one at first sight as an 
artistic object or a decorative lamp. 
The unusual shape is not an inten- 
tional design, but rather a conse- 
quence of the designer choosing a 
different approach from the usual. 
This is because the loudspeaker is an 
omni-directional radiator that propa- 
gates energy over 360°. This results in 
excellent spatial reproduction and 
obviates the limited listening angle 
that typifies a standard loudspeaker. 
The interesting aspect is that the 
omni-directivity is not obtained by the 
use of special drivers, but with stan- 
dard ones. This results, however, in a 
construction in which the drivers are 
directed upwards and the repro- 
duced sound is reflected in all direc- 
tions by special cones (see Fig- 
ure 1). The design of the system, 
electrical as well as acoustic, is, of 
course, such that a reasonably 
straight frequency characteristic is 
obtained all around the enclosure, 
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two-way combination 

The standard drivers used in the 
Fontana are a 17 cm woofer /mid- 
ranger and a 25 mm dome tweeter. 
This is a combination that is well 
suited to a two-way combination, 
since a cross-over frequency suitable 
for both drivers is possible; this is nor- 
mally 2000-3000 Hz. This frequency is 
not too low for the tweeter, while the 
17 cm unit is still able to radiate with- 
out noticeable bunching. 

The designers at Visaton are, of 
course, in the fortunate position of 
being able to choose from a vast 
array of drive units of own make. They 
chose the DT94 tweeter, which has a 
polycarbonate diaphragm. Its fre- 
quency characteristic is substantially 
straight and, because of the ferro- 
fluid* cooling of its motor coil, its 
power handling capacity is good. 
This is a unit that is used in many 
Visaton designs and has proved its 
excellent properties time and again. 

The woofer/midranger is a new 
model, the AL170. This is a 17 cm dri- 
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ver from Visaton's high-end range. It 
has an attractive light-metal cast 
frame and stands out by its alu- 
minium diaphragm. Offen, a metal 
diaphragm gives rise to annoying res- 
onances, but in fhe frequency char- 
acteristic of the AL170 these are con- 
spicuous by their absence. The char- 
acteristic is exemplary up to 4 kHz; it 
is only at about 5 kHz that certain 
spurious effects begin to make them- 
selves felt. 


reflector cones 


To obtain a truly omni-directional per- 
formance, the drivers have to be 
mounted one above the other. How 
this is done may be seen in Figure 1. 
The woofer/midranger is mounted at 
the top of the enclosure. Immediately 
above it, a conical extension piece is 
mounted that serves also as the hous- 
ing of the tweeter. The solid wooden 
cone has an angle of curvature of 
90° and converts the AL170 into an 
omni-directional radiator. The precise 
dimensions of the cone are shown in 
Figure 2. 

Making the cone is a tedious job 
that cannot be properly carried out 
without the requisite woodworking 
tools and a wood-turning lathe. The 
tolerances on the dimensions are very 
tight and the surface needs to be per- 
fectly smooth. Many constructors may 
decide that it pays to have it made 
by a professional woodworker. 

The tweeter also needs to be con- 
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Figure 2, Construction diagrams of the 
reflector cone for the woofer. This cone 
also houses the tweeter. 
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Figure 1. The drive units in the Fontana radiate sound upwards, 


verted to an omni-directional trans- 
ducer and again this is done by 
means of a cone. This one has a 
slightly differently shape and is 
smaller: the exact dimensions are 
given in Figure 3. The cone is 
designed to enable it being glued to 
the dust cap in front of the 
diaphragm. Although making it is 
rather less tedious than the bigger 
one, it is virtually impossible to do so 
without a wood-turning lathe. 

The extension piece is fixed on to 
the woofer enclosure with the aid of 
four clips made from 3.5 mm diame- 
ter round brass (available from most 
builders’ merchants). The clips are to 
be shaped as shown in Figure 4. 
One end is pushed into the relevant 
hole in the cone and the other end 
into one of the chassis sockets at the 
top of the box. This method of secur- 
ing has the advantage that two of 
the clips serve as terminals for con- 
necting up the tweeter. 

Make sure that the cone is 
mounted in a position in which its ver- 
tex is exactly 1 cm above the surface 
of the top of the enclosure. 

The side view in Figure 5 shows 
what the practical construction looks 
like (or should look like). 


crossover network 


The designers have spent much time 
on the crossover filter for two good 
reasons. Firstly, the crossover fre- 
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quency of 2000 Hz is fairly low, which 
means that the filter design must be 
such that the power handling capac- 
ity of the tweeter is not affected, Sec- 
ondly, the change from uni-direc- 
tional to omni-directional radiator is 
not without effects on the frequency 
characteristic, and the crossover net- 
work provides one of the few ways of 
correcting any consequent degrad- 
ing of the curve. 

The filter (see Figure 4) is a third- 
order configuration (18 dB/octave). 
Inductors L; and Ly», in conjunction 
with capacitor C,, form the low-pass 
section for the woofer, and L3-C3-Cy 
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Figure 3. A small reflector cone is glued 
on to the dust cap of the tweeter. 
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4: Dimensions in mm 


Figure 4, Brass clip for fixing the woofer 
cone on top of the enclosure. 


the high-pass section for the tweeter. 

Since the reflections of the sound 
by the cones affect the frequency 
response, some corrective measures 
were found necessary. One of these 
is the addition of shunt capacitor Co 
to the low-pass section, Another is the 
conversion of C4 to an RLC network 
by the addition of Lz and R». Finally, 
resistor R; matches the output level of 
the tweeter to that of the 
woofer/midranger. The value of this 
resistor may be varied (within limits) to 
personal taste. 

Mind the polarity when connecting 
the filter: the woofer and tweeter are 
in phase! 


a slender column 


The enclosure for the woofer/mid- 
ranger is designed as a slender, 
almost cylindrical, column of about 
90 cm high — the drivers in the top 
panel, the bass reflex vent and the 
terminal box in the bottom panel. 

Of course, the design is not truly 
cylindrical ( although there is no 
objection to this as long as the vol- 
ume remains 23 litres), since the 


woodworking to achieve this is very 
complicated. The prototypes are 
octagonal — the construction dia- 
gram is given in Figure 7. 

The enclosure consists of eight 
840x96 mm panels, which have 
been sawn lengthwise at an angle of 
22.5°. The material is 16 mm (0.63”") 
thick medium-density fibreboard 
(MDF) or high-density chipboard. The 
eight panels should be glued 
together in to a column in one oper- 


tom one two holes — one for the vent 
and the other for the terminal box. 
The vent has a diameter of about 66 
mm (2.60”") and is 147 mm (5.79") 
long. It will be clear that the port will 
be effective only if the bottom panel 
is well away from the floor on which 
the enclosure stands. The prototype is 
therefore fitted with four 25x25 mm 
(1"x1") square feet made from 
22 mm thick MDF. 

Four 3.6 mm chassis sockets are 


Figure 5. Side view of the cone construction. 


minals for the tweeter. 


ation. 

The top and bottom panels are 
19 mm thick MDF. Before these can 
be fitted, the requisite holes must be 
cut in them: in the top one a hole for 
the woofer/midranger, and in the bot- 
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Figure 6. Circuit diagram of the cross-over filter. 


12 - 12/97 


Elektor Electronics EXTRA 


Two of the brass clips are used as ter- 


required in the top panel to hold the 
cone-fixing clips as discussed earlier. 

The enclosure should be damped 
by stuffing it loosely with polyester 
wadding fo suppress standing waves. 
If a sheet of acoustic wadding mate- 
tial is used, Cover all surfaces directly 
behind, and adjacent to, the woofer. 


spatial quality 


Listening to the Fontana for the first 
time is an exciting experience. It is 
clearly different from conventional 
transducers. The cone construction 
succeeds very well in giving the two- 
way system a very effective omni- 
directional character. This means that 
the spatial quality is evident anywhere 
in the auditorium, which gives the lis- 
tener much more freedom to move 
about than with traditional systems. 
The Fontana’s reproduction is 
peaceful and well-balanced. This is 
evident from the relatively smooth 
frequency response characteristic in 
Figure 8. The bass extends well 
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Dimensions in mm 


The octagonal box requires great woodworking skills. 


Figure 7 


down without becoming boomy and 
the high frequencies are bright and 
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The overall frequency response characteristic of the Fontana is reasonably smooth. The impedance does not drop 


Figure 8 


so that almost any power amplifier may be used. 
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Principally, there are several kinds of 


loudspeaker enclosure: closed box, vented box (sometimes 
called bass reflex), bandpass, transmission line, horn, and open 
pipe. For all sorts of reason, not the least of which is the difficulty 
of construction, the open pipe enclosure is not all that popular. 
This is a pity because the Voigt Tapered Pipe (VIP), which com- 
bines the properties of the horn and transmission line, deserves 
more attention from amateur constructors. This article takes a 


close look at the properties of this musical pipe. 


By E. Fikieers 


Voigt tapered pipe 
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a special low-frequency loudspeaker 
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closed vs vented box 

The low-frequency sound waves gen- 
erated at the front and rear of the 
loudspeaker cancel each other, which 
means that the front and rear of the 
enclosure must be kept separated. This 
is effected in different ways by different 
enclosures. A closed box has the draw- 
back that it raises the resonant fre- 
quency of the system. In a bass reflex 
design, the vent enables the box to be 
tuned to a low frequency. This is the 
reason that a vented box gives better 
bass performance than a closed box. 
On the other hand, its impulse 
response is not so good. 


horn enclosure 


Some audio enthusiasts are fanatic 
about the horn loudspeaker. They 
swear by its high efficiency, its dynam- 
ics and its low distortion. Popular horn 
designs are those of Klipsch, Lowther, 
Webster and Wilson. 

The horn flare normally has an expo- 
nential, hyperbolic or tractrix shape. In 
the exponential horn loudspeaker, the 
cross-sectional area increases expo- 
nentially from throat to mouth. A small 
deflection of the diaphragm causes a 
large pressure in the throat. At the 
mouth, this results in a large movement 
of air at low pressure. 

Because of the improved acoustic 
matching, the efficiency may be as 
high as 50%. Since the built-in drive 


unit gives small deflections, the distor- 
tion is small. 

A horn system for reproducing very 
low frequencies may have a cross-sec- 
tional mouth area of some square 
metres (20-25 sq. ft.). Since the dimen- 
sions may be very large, horns for 
domestic use are usually folded. 

Many pundits feel that horn-loaded 
enclosures are not capable of hi-fi per- 
formance and are, in the main, inferior 
to direct radiator systems. Horn-lading is 
normally used in public-address systems 
where efficiency is of prime importance. 


transmission line system 


Transmission lines (TLs) represent a class 
of supposedly non-resonant enclosures. 
In theory, it may be extended fo infinity, 
providing a perfectly resistive termina- 
tion to the driver by absorbing all the 
rear wave energy, except for frequen- 
cies below about 75 Hz. 

Physically, a TL resembles an 
acoustic pipe, closed at one end, 
whose cross-section must be large so 
that the rear directed energy is not 
impeded. The absorption reduces as 
the cutoff frequency is approached. 
The frequency at which the air in the 
line oscillates in synchrony with the 
diaphragm of the drive unit depends 
on the length of the line. This frequency, 
f,, is calculated from 


f, = c/4l, 


Figure 1. A 180 mm long Voigt Tapered Pipe. The space behind the woofer may be filled with 
fine sand. The hollow foot provides space for a crossover network. 
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where c is the speed of sound 
(344 m s-)}, and /is the length of the line 
in metres. So, a line 2 metres long has 
an f, of 344/8 = 43 Hz. It is clear from 
this that in order to reproduce very low 
frequencies, the line must be fairly long. 

Since a line length of 2-3 m (7-10 ft) 
is quite normal for a TL, it is usually 
folded for domestic use, when it is nor- 
mally known as a labyrinth. 


spurious line resonances 


Practical lines normally have a fairly 
small cross-section to reduce the total 
volume; spurious resonances and 
reflections at higher frequencies may 
become a problem. The resulting 
peaks in the frequency characteristic 
are normally damped by filling the line 
with a damping material such as long- 
fibre wool. If a peak remains at the res- 
onant frequency, more damping mate- 
tial needs to be added. 

The damping material causes a large 
acoustic resistance at the rear of the 
woofer, This resistance causes an 
increase in the dynamic mass, which 
lowers the resonant frequency. Also, fric- 
tion between the air and the damping 
material results in an isothermic effect, 
which causes the oscillatory energy of 
the sound waves to be converted into 
heat. Because of these effects, and 
depending on the density of the damp- 
ing material, the speed of sound in the 
line is then reduced to 280-320 m s-! 
(propagation delay). This delay enables 
a shorter line to be used. 


pressure variations 


An open-line enclosure is constructed 
from a round or rectangular pipe 
of which one side is closed, Apart 
from its self-resonance frequency, 
the pipe generates harmonics of 
this. Since air can easily enter or 
leave the enclosure, there is less 
pressure build-up in the enclosure 
than in other closed systems. This 
has several advantages: the ten- 
dency of the walls to resonate is 
much reduced, and the produc- 
tion of standing waves is limited. 

In contrast to a TL, no damping 
material is used in a closed line, 
so that line resonances may in 
some cases cause an audible 
colouration of the sound. Also, the 
woofer is not, or hardly, damped. 
Therefore, the amplifier must pro- 
vide the necessary damping. This 
means that the amplifier used 
with this type of loudspeaker 
needs a well-defined damping 
factor. 
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Figure 2. Frequency characteristic of a VTP fitted with a Seas WP171NP driver, Curve A refers ta 
the sound level measurement at the woofer; B to that at the mouth of the pipe, while C Is the 
combination of the sound pressures at fhe woofer and the mouth of the pipe. 


Voigt tapered pipe 
The VIP is a variation of the open-line 
system (see Figure 1). Its principle of 
operation was developed by Paul Voigt 
in the early 1930s. In the UK, the VTP is 
known under the names ‘Monolith’ and 
‘Basset’. A recent commercial version of 
a folded VIP is the ‘Howard Castle’. 
The VIP loudspeaker consists of a 
tapered pipe on to which the woofer 
is mounted at 1/3 of its length. As in 
the TL, the resonant frequency of the 
pipe depends on its length. So as to 
keep the dimensions within reason- 
able limits, the pipe is usually folded. 
Just as the horn, the pipe, because of 
its tapered shape, behaves as an 
acoustic transformer. That is, a small 
deflection of the woofer results in an 
appreciable increase of air pressure 
in the throat of the pipe, while ot the 
mouth of the pipe, there is a strong 
movement of air at low pressure. 
Because of the acoustic transforma- 
tion, the efficiency increases rapidly 
with lower frequencies. 


Figure 3. Curve A shows the impedance characteristic of a 

Seas WP171NP driver fitted in ao 14-litre closed box; curve B is 
the impedance characteristic of the same woofer fitted in a 
180 cm VIP. 
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The mounting of the woofer at 1/3 
of the length of the line and the 
tapered shape ensure a good 
spread of the pipe resonances over 
a wide frequency range. Because of 
this, the frequency characteristic is 
flatter than that of a TL. Also, the 
tapered shape largely prevents the 
occurrence of standing waves. 

Damping material is stuffed at the 
walls and at the woofer. Owing to the 
absence of acoustic damping, it is 
imperative that the amplifier driving 
the loudspeaker has a high damping 
factor. 


damping of the vip 


As in the TL, stuffing the VTP with long- 
fibre wool results in an increase of the 
dynamic mass and a consequent 
lowering of the resonant frequency. 
Also, the material damps the peak at 
the resonant frequency. 

Figure 2 shows the traced mea- 
surement results of a Seas WP171NP 
fitted in a 180 cm (6 ft) long VTP 
shaped as in Figure 1. Curve A 
is the sound pressure measured 
near the woofer. It shows clearly 
that the sound pressure 
decreases by 6 dB per octave 
90 below 150 Hz. 

Curve B is the sound pressure 
at the mouth of the pipe, which 
is clearly spread over a wide 

° frequency range. 

Curve C shows the com- 
bined sound pressures of the 
woofer and the mouth of the 
pipe. The -3 dB cutoff point is at 
about 30 Hz, which, fora 17 cm 
woofer, is excellent. 

The impedance characteris- 
tic of the woofer is shown in Fig- 
ure 3. Curve A is that of the 
same Seas drive unit in a 14-litre 
closed box, while curve B is that 
of the same driver fitted on to a 
180 cm VIP. Curve B shows that 
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the resonance frequency of the 
woofer is well damped. (In both mea- 
surements, an inductance of 2.7 mH 
was placed in series with the woofer). 

Figure 4 shows the cumulative 
decay spectrum of the same woofer 
fitted on to the 180 cm VIP It shows 
that the decay time is much shorter 
than that in a closed box: only 17 ms. 
Because of the open character of the 
VIP there are fewer spurious reso- 
nances caused by vibrating enclo- 
sure walls and standing waves. 


construction and test 


The 180 cm long VIP is a non-folded 
model, which makes construction 
very simple indeed. Used with a Seas 
WP171NP the bass performance is 
tight with a faithful and detailed 
reproduction. The nuances of bass 
instruments such as timpani and 
snare drums are clearly distinguish- 
able. At the same time, clarity of 
vocal sounds is excellent. 

Not every constructor will be 
enchanted with such a long pipe in 
the living room. Therefore, it is also 
possible to construct a folded VIP 
(height 90 cm or 35.43”) as shown in 
Figure 5. This model is suitable for 
use with a 20 cm woofer. The bass 
reproduction can be tuned by 
means of a damping panel which 
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Figure 5. 200 cm long folded VIP suitable fora 20 cm wooter 


may be provided with a 
variovent. Drive units 
suitable for this design 
are, among others, the 
Davis KLV8A, the Focal 
8V412, and the Focal 
8K516J. 

Both enclosures are 
suitable for housing a 
two-way or a three-way 
system. They can also 
be used for a subwoofer 
in conjunction with a 
dynamic of electrostatic 
drive unit. 
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Figure 4, Cumulative decay spectrum of a Seas WP171NP fitted 


in a 180 cm long VIP. 
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brightness has been reduced to a third 
and a ninth, respectively, of the maxi- 
mum brightness. Well, the final result 
is a colourful ornament which will not 
fail to attract a lot of attention. 


SIMPLE HARDWARE 
One of the advantages of microcon- 
trollers is that the component count 
can remain very low indeed. In the 
present circuit, the control program is 
stashed away in the processor, together 
with all the necessary I/O functionality 
and, of course, the working memory. 
So, apart from the clock generator and 
the power supply, no external compo- 
nents are required. These elements are 
easily found back in the circuit diagram 
shown in Figure 1. 

The power supply, including the 
rectifier, consists of just five parts: D33, 
1C2, C4, C5 and C6. Any alternating or 
direct voltage between 8 and 12 V is 
stepped down to give a stable and 
properly regulated supply voltage of 
5V dic. 

The heart of the cir- 
cuit is formed by ICI, a 
type 8751 microcon- 
troller which operates at 
a clock frequency of 
6 MHz, executing a con- 
trol program which has 
been ‘burned’ into the 
chip by the Publishers, 
The order code of the 
ready-programmed microcontroller is 
976517-1. The on-chip clock oscillator 
works in conjunction with three exter- 
nal components: quartz crystal X1 and 
parallel-load capacitors C2 and C3. 

Capacitor Cl arranges for the 
microcontroller to be automatically 
reset when the power supply is 
switched on. 

All available and suitable 1/O port 
lines of the 8751 are used as digital 
outputs in the present application. 
The upshot is that the microcontroller 
is capable of switching 32 LEDs. A 
resistor in series with each LED limits 
the respective current. The anodes of 
all LEDs are joined at the positive sup- 
ply rail. 


CONSTRUCTION, 

IN A JIFFY 

The copper track layout and compo- 
nent location aid are shown in Fig- 
ure 2. As you can see, the board is 
fairly large. Not because of a complex 
circuit, by no means, but rather 
because the LEDs had to be fitted in a 
circle. The circle on the component 
overlay clearly indicates the outline of 
the ornament. While building up one 
of our prototypes, we used a jigsaw to 
cut off three corners. The result is a 
pear-shaped board with a hole in the 
remaining corner to allow the decora- 
tion to hang from a Christmas tree 
branch. 
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The construction of this Christmas 
decoration is not expected to cause 
undue problems, Current consump- 
tion will be of the order of 25 mA. In 
the unlikely case that the circuit 
refuses to start, an oscilloscope should 
be used to check for oscillator activity 
at pin 19 of the controller chip. If a 
proper signal is found, the circuit 
should work. If you only have a mul- 
timeter available, then a voltage of 
about 1.5V should be measured at 
pin 19. 

Obviously, you have to use the 
ready-programmed microcontroller 
which is supplied through our Read- 
ers Services or a kit dealer. This part 
carries an adhesive stating the previ- 
ously mentioned order number. A 
new, blank 8751 will not work in this 
circuit. 

The technically inclined among you 
will probably want to show off their 
skills at electronic construction by leav- 
ing the components and the board 
fully visible. In that case, the LEDs 
have to be fitted at the same side as 
the other components. Other users 
may want to throw in more creativity 
by decorating the board, or by fitting 
a photograph or a drawing between 
the LEDs. In that case, you may also 
mount the LEDs at the copper side of 
the board. 

Once all components are in place 
on the board, the running-lights effect 
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should start straight away after the 
supply voltage is switched on. 


CONTROL SOFTWARE 
As already mentioned, all light effects 
are created by a small control program 
executed by the microcontroller. This 
control program is stored in the con- 
troller’s internal read-only memory. 
The program employs an internal 2- 
ms repetitive interrupt for its timing. 
The LEDs are driven using a prin- 
ciple called brightness modulation. 
The first LED in a group lights at max- 
imum brightness, the second one, at 
one-third, and the third one, at one- 
ninth of the maximum brightness. The 
optical illusion of a moving light is 
obtained in this way: the first LED is 
the brightest in the group, while the 
last one lights only dimly. Here, too, 
interrupts provide brightness modula- 
tion. Nine interrupt pulses form one 
unit. The first and brightest LED lights 
during all nine periods, the second 
LED, during three periods, and the 
third LED, during one period only. 
There are two important factors 
which contribute to the apparent cir- 
cular motion of the LED groups: speed 
and direction. The principle used here 
is relatively simple. An LED is situated 
at a certain location, and each location 
is linked to a certain number which is 
randomly determined. Let's assume 
that the number for LED1 is 15. Con- 
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sequently, all LEDs in group 1 shift one 
position after 15 interrupts. Clockwise 
or counter-clockwise, that is deter- 
mined by the status of a bit which 
indicates, you guessed it, the direction. 

The starting point of the LED and 
the step size (that’s the number of 
interrupts which have to pass before 
an increment actually takes place) are 
determined in random fashion with 


the aid of an internal random- 
number generator. This function 
employs shift registers with a 
feedback path, and is essentially 
similar to typical random-num- 
ber generators implemented in 
hardware. Every 256 interrupts, 
the program counter returns to 
the main routine, where a ran- 
dom number is determined. 
Since the width of the number is 
eight bits, one of 256 numbers is 
picked. In practice, however, 
fewer numbers are allowed 
because those below a certain 
value would result in a too high 
speed of the running-lights. 

When a random number has 
been picked seven times, the 
speed of group0 is adapted. 
After 13 random numbers, the 
speed of group 1, and after 19 
random numbers, the speed of 
group 2. Next, the cycle starts all 
over again. The use of three 
prime numbers adds to the ran- 
domness of the pattern, resulting 
in different light effects appear- 
ing all the time. 

As already mentioned, 
32 LEDs (locations) are available. 
Of these LEDs, three groups of 
three LEDs each are ‘running’. 


| From a computing point of view, 


the program only looks at the 

‘leading’ LED in a group. Once 
the location of this LED has been com- 
puted, the locations of the second and 
third LED are also known. 

Once the program has calculated 
which nine LEDs should light at a par- 
ticular intensity, the status of all 
32 LEDs is copied to the [YO ports 
using four bytes. The result is a very 
vivid running-lights effect. 
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The extension is intended primarily 
for surround-sound installations 
that need some boasting of the 
bass frequencies but where an ad- 
ditional subwooler cannot be al- 
lorded. It is based on a disused 
mono af. amplifier and loud- 
speaker. [[ these provide reasonable 
bass perlormance, they can be con- 
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verted into a fairly good subwooler 
with the aid af an active low-pass 
filter—see Figure ]. 

The input signals for the left- 
hand and right-hand channels are 
applied to audio sockets K; and K; 
respectively. They are output via 
audio sockets K3 and Ky to which 
the surround-sound decoder is 


AMPL(dBr) vs FREQ(H2) 


~30.00 
-35.00 


-40.00 


connected, 

The signals of the two channels 
are summed in IC),, which also 
functions as input amplifier. The 
amplification, and therefore the 
sensitivity of the ‘subwooler’, can 
be adjusted with P). 

The output of IC), is applied to 
a 2nd-order Butterworth low-pass 
filter. The cut-off frequency of this 
active filter can be set between 
40 Hz and 120 Hz with stereo po- 
tentiometer P. The response char- 
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acteristic of the filter at both these 
frequencies is shown in Figure 2. 
The actual cut-off point depends 
on individual taste. 

The said mono amplifier is con- 
nected to audio output sockets Ks 
and Kg. 

The power supply for the cir- 
cuit is simple and consists of a 
small mains transformer, Tr), a 


Parts list 


Resistors: 

Ry Ro = 47 kQ 

Rg, Ra = 4.7 kQ 

Rs, Rg = 100 Q 

Ry = 8.2kQ 

P; = 47 kQ logarithmic potentiome- 
ter 

Py = 10 kQ, linear stereo poten- 
tiometer 


Capacitors: 

Cy 3:22 pF 

Co = 220 nF 

Cz = 180 nF 

Cy-Cz = 100 nF 

Cg, Cg = 4.7 pF, 63 V, radial 
Cio, Cy $ 22 uF, 40 V, radial 
Cy>-Cy5 = 47 nF ceramic 


Semiconductors: 
D,; = LED, high efficiency 


Integrated circuits: 
IC; = TLO72CP 
IGo = 7815 

IC3 = 7915 


Miscellaneous: 

K7=Kg, Kg-Kg = audio socket for 
board mounting 

Ky = 2-way terminal block, pitch 7.5 
mm 

B, = B80C1500 

Tr, = mains transformer, 2 15 V 
secondaries, 1.5 VA 
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bridge rectifier, B). antihunt capaci- 
Cy2-Cy5. a number of 
smoothing and decoupling capaci- 
tors, and two integrated voltage 


tors 


regulators, IC) and IC3. 

The filter circuit is best built on 
the printed-circuit board shown in 
Figure 3, which is, however, not 
available ready made 

The filter should be housed in 
a metal case, Moreover, P, and P3 
should preferably be types with a 
metal enclosure, Hum is prevented 
by earthing the case and the enclo- 
sures, 

The harmonic distortion, with 
two input signals of 200 mV and a 
bandwidth of 22 kHz, is 0,0016% 
at 30 Hz 

Although not of prime impor- 
tance at low frequencies, the polar- 
ity of the ‘subwoofer’ should be 
the reverse of that of the remainder 
he present cir- 
cuit inverts the signals. 


of the system since 
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Most DVMs (digital voltmeters) 
offer a resolution of only 0.1 Q in 
the lowest resistance range. This 
does not allow the measurement of 
low-value resistors or the transfer 
resistance of plug-and-socket con- 
nections. The adaptor offers a solu- 
tion to this problem. 

The adaptor send a constant 
current through the device or con- 
nection on test, whereupon the re- 
sulting potential drop acrass it is 
measured with the DVM. 

Che circuit is based on a 2.5 V 
voltage reference source, [C,. Part 
of the relerence voltage, 2.0 V, is 
applied to the non-inverting (+ve) 
input of the op amp via Py. The 
op amp wil] attempt to hold the 
potential at its inverting (ve) 
input also at 2.0 ¥ Consequently, 
it functions in combination with 
‘super darlington’ T,-T3, the resis- 
tance to be measured, R>, and R; 
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as a comstant-current source. The 
level of the current is determined 
by Rj. If the value of this resistor is 
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2 Q (five 10 Q, 0.5 W resistors in 
parallel), the current is exactly 1 A. 
This enables the DVM, set to its 
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200 mV range, to measure resis- 
ances of 200 mQ with a resolu- 
ion of 0.1 mQ. 

A drop of 2 V across R3 results 
in a dissipation of 2 W. This means 
hat with a supply voltage of 5 V, 
he dissipation in T3 is 
(5-2)*1=3 W. If this is found 
tather too much, the value of Ry 
may be increased to 20Q (or 
200 Q). The level of the constant 
current then drops to 100 ma (or 
10 mA). The resistance range with 
the DVM set to the 200 mY range 
is then 2 Q (or 20 Q). This means 
that the resolution degrades ta 
1 mQ (or 10 mQQ). 

The 5 V power supply must, of 
course, be able to sustain the con- 
stant current 

Remember the cooling of T; 
(heat sink!) and make the connec- 
tions to the resistance on test as 
short as possible. 974043} 
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the case may be. 

The comparators control elec- 
tronic switches IC5,-IC5, and 
IC,,-ICeg, which modify the de- 
gree of feedback of ICs, and IC4, 
on the basis of the control input, 
For instance, if none of the com- 
parators in IC; has changed state, 
ICy, operates as a voltage follower 
with unity gain, When U,, exceeds 
the level at junction Rg-R;, the gain 
of IC,, is raised by 5 dB. When 
with increasing road and engine 
noise it exceeds the level ar june- 
tion Rg-Ri,, the switches are all 
closed so that Ry3—-Rj, are in paral- 
lel. whereupon the gain of ICy, is 
raised by 20 dB. The position af 
the automatic volume control is in- 
dicated by light-emitting diodes 
D4-D; 

The circuit is powered by the 
car battery. It is recommended that 
the battery voltage is well filtered 


avs* 4v93 see text 5V6 
The volume control is intended @& @ © 
primarily for insertion between a > avs ©> svi2 
car radio and its booster. It auto- (©> aves ©> ova KE ce: kes 


matically adapts the volume to the (© sve a8) [100 }+— Oars ci K2 
amount of road and engine noise ov 1c2 a3 GS L10012] pe 


2 
. = 3 
This is done in four 5 dB steps 
(+) 12¥ 
[10k] 


based on the measured sound 


pressure in the interior of the car. cio 
his means that the volume can be Q 150p 

increased by up to 20 dB with re- s 
spect w the set volume level. This el Bia ey" Ei 
implies that care should be taken 7 1 Ic5aqi IC5b]4 icse] Icsd Te 
that the booster and loudspeakers Ee Pa i s| | i 1 
do not become everloaded ae ot 2 ll eve 

In the diagram in Figure 1, 1C4.. pe ! 2 3 10 Sg) 
and 1C.,, operate as control ampli- ml, = & 3 - GAIN 
fiers. The audio signal is input via fi . tf adie 
kK, and Ky and applied to the 7 os b4 
hoaster via Ky and Ky, The basis sie 
level is that registered with the ag SS 
electret microphone MIC, | ts Toxo] 1008 

he microphone should not be > nao | (OT AA 

too sensitive to avoid overcrive and Et 5d8 
acoustic coupling between it and is 
the loudspeakers. Its dic. serting is 
arranged with resistor R; while its = 
sensitivity is set with P), ea 

The output of the microphone = 
is applied to fast op amp IC, via ; } 
the wiper of P,}. The op amp, (66-0 Tiga b 
arranged as a rectitier/amplitier, 12V cee tiana r 
provides an amplification of x +5. 12v IC5 = 4066 


IC6 = 4066 


lts output is averaged by R5-C; 
and then applied to comparators 


IC3.-1C54.. These liken the ampli- 
fied signal and averaged signal, atts 
U,,. with the potentials at the R 


junctions af divider Rg—Ryp. Fach 
of these potentials differs by 5 dB 


from the preceding ar next one as -_ 


‘ 64 Elektor Electronics 12/97 


2% 


4 pag 


5 


— Saree: 
269) 5 | 


\o “ oe 
16 COOOOOS 
a, a NN ' 
> FB: * CJ 


sf 


The supply lines for the micro- 


phone and the voltage divider are 
held at 8 VY by regulator ICy. That 
for 1C4 is held at 5.6 V by T)-Dg. 
ittespective of the battery voltage 
he circuit draws a current of 
40 mA when the LEDs light 

The distortion of 0.0025% is 
well within the requirements for 


simple crystal oscillator 


Here ts a very casy and inexpensive 
way of building a crystal oscillator 
from a single IC 
inverters contained in the IC are 
used. The design is reminiscent of a 
traditional rectangular-wave generator 


Only two of the 


in which a crystal and two resistors 
replace the RC network. The escilla- 
tor frequency may be made variable 
by replacing the crystal with a trim- 
mer of 22-68 pE 

The crystal lrequency may have a 
value of 1-10 MHz. The value of 
resistors R; and Ry may be |-4.7 kQ 
(but they must be the same), 

The prototype was tested with 
crystals of | MHz, 3.579 MHz, and 
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car hi-h equipment 
rhe volume control is best 
built on the printed-circuit board 
in Figure 2, which is, however, not 
available ready made 
974037 
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Parts list 

Resistors: 

Ry =18 kQ 
Ro = 3.3 kQ 
R3 = 150 kQ 
Rg = 5.6 kQ 
Rs = 470 kQ 
Rg = 143.2 
R7 = 113.9 
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Ry = 200 
Rg = 367.9 
Rig = 681.2 


Ry1) Ryg. Rig, Rog = 100 22 
Ria. Rog = 47 kQ 

Ry3, Roy = 2.15 kQ, 1% 
Riya; Rao = 3.92 kQ, 1% 
R45; Rog = 7.15 kQ, 1% 
Rig: Rog = 12.7 kQ, 1% 
Riz, Ros = 10 kQ 

Ro7-Ra9 al 3.9 kQ 

P; = 100.kQ preset 


Capacitors: 

Cy = 150 nF 

C5, Cyq = 220 uF 25 V, radial 

Cy = 1 uF MKT (metallized poly- 
ester), pitch 5 or 7.5mm 

C4, Gy; Ce, C45-C37 = 100 nF 

Cs = 4.7 uF, 63 V, radial 

Cy = 100 pF. 25 V, radial 

Cg, Cy, Cp, C14 ad 3.3 pF, MKT 
(metallized polyester), pitch 5 or 
75mm 

C45, Cg = 150 pF 

O43 = 1000 uF 25 V, radial 


Semiconductors: 

D; = zener, 4.3 V, 500: mW 
Do, D3 bead BATB5 

D,-D7 = LED, high-efficiency 
Dg = zener, 5.6. V, 500 mW 
Ty = BF245A 


Integrated circuits: 
IC,:= OP17 

IC> = 78L08 

ICg = TLO84 
IC4.= TLO72 

ICs, 1C, = 4066 


Miscellaneous: 

K;-Kq.= audio socket for board 
mounting 

MIC; = electret microphone 


8 MHz 

The IC may be an LS, HC ar 
HCT mode, but not TTL. 

Che oscillator draws a current ol 
only a few milliamperes from a 3 V 
supply line 

The simplicity of the design has a 
drawback in that the frequency sta- 
bility and the stability with tempera- 
ture variations are not very good. 
This is because the oscillations 
depend to a large extent on the par- 
allel capacitance of the crystal. 
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The SSM2000 is an advanced audio reduction 
system based on proprietary HUSH® circuitry. 
~ HUSH combines a dynamic filter and downward 
expander to provide a high level of effectiveness 
without the sonic artifacts normally associated 
with noise reduction systems. In addition, an 
adaptive threshold circuit detects nominal signal 
Jevels and dynamically adjusts both thresholds, 
thereby providing optimal results regardless of 
program source. The SSM2000 can be used with 
Jolby B® encoded sources with excellent results. 


ENERAL 

YESCRIPTION 

‘The $SM2000 is a dual channel audio 
noise reduction [IC which reduces 
noise through a combination of vari- 
able filtering and downward expan- 
jon in. conjunction with a unique 
ptive noise threshold detector. 
- These two techniques yield an overall 
noise reduction of up to 25 dB on AM 
d FM radio, open-reel and cassette 
tape, CD, Dolby B encoded program- 
ming, broadcast studio-transmitter 
niks, telephone lines, and other audio 
urces without the need for any addi- 
tional manual adjustment. The HUSH 


Noise Reduction System as imple- 
mented in the SSM2000 has been 
shown to substantially reduce noise in 
PC multimedia, intercom system, tele- 
conferencing systems, mobile commu- 
nications, automotive audio, home 
stereos and televisions, while preserv- 
ing full signal fidelity and trans- 
parency. 


THE NATURE OF 

AUDIO SIGNALS 

Audio signals have both amplitude 
and frequency content. Music and 
voice are created by changing both the 
amplitude and frequency of sound 
waves. 

The highest audio signal peaks typ- 
ically occur at low frequencies 
(100-1000 Hz) and taper off exponen- 
tially as frequency increases. 

When an audio signal is re-corded, 
audio noise is also generated. This 
noise is the white noise ‘hiss’ or water- 
fall sound that is easily heard on taped 
material. Audio noise for a given 
source and bandwidth does not, in 


DNR is a registered trademark of 
National Semiconductor Corporation. 
Dolby B is a registered trademark of 

Dolby Laboratories, Inc. 


HUSH is a registered trademark of 
Rocktron Corporation. 


is note is Haset! on information received f 


ahe content 


An Analog Devices Application 


A® 


up to 25 dB noise reduction from almost any audio source 


HUSH 


general, change with frequency or 
amplitude. However, noise levels do 
change between different sources 
because of differences in recording 
equipment, media, and the surround- 
ing environment. 

Psychoacoustic effects mask noise 
that occurs at or near the frequency of 
the audio signal. 

Audio noise is usually considered to 
be most objectionable in the 3-8 kHz 
band. 


NOISE REDUCTION 
SYSTEM REQUIREMENTS 
An analogue noise reduction system 
must first distinguish between the 
desired source material and the unde- 
sirable noise. Tt must then attenuate the 
noise while leaving the source mater- 
ial unaffected. 

One approach to noise reduction is 
to assume that signal below a prede- 
termined amplitude is noise, and then 
to attenuate the noise by using a volt- 
age-controlled amplifier (VCA) — see 
Figure 1. A variation of this noise 
reduction method is found in Dolby B 
cassette tape systems. This method 
achieves about 10 dB of improvement 
in signal-to-noise ratio (SNR). This sys- 
tem incorporates a high-frequency 
compressor on the recording side, and 
a high-frequency expander during 
playback. 

Another noise reduction technique 
senses and reduces noise by measuring 
the frequency content of the audio sig- 
nal and filtering noise that occurs 
above the highest signal frequency — 
see Figure 2. This noise reduction 
method uses a Voltage Controlled Fil- 
ter (VCF) and is the basic method of 
operation in the DNR® system, which 
provides about 10 dB of noise reduc- 
tion. 

The HUSH system combines ele- 
ments of both these techniques to 
achieve up to 25 dB of noise reduction, 
and also has significant improvements. 

Since the noise floor changes with 
different audio sources owing to 
recording equipment, media, and the 
environment, the fixed threshold 
approaches cannot yield optimal 
results. The HUSH Noise Reduction 
System incorporates an automatic 
noise threshold detector that senses 
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these changes and adapts the VCA 
and VCF to become more or less 
aggressive depending on the ampli- 
tude of the noise floor, To determine 
this amplitude, the SSM2000 assumes 
that the averaged amplitude during 
short periods of no audio is equal to 
the noise floor. This assumption works 
well in audio applications 


VARIABLE LOW-PASS 
FILTERING 

The audio signal is first passed 
through a single low-pass Voltage 
Controlled Filter (VCF) — see Figure 3. 
Both the left and right VCFs are con- 
trolled by a detector which places their 
cutoff frequencies just beyond the 
highest audio signal frequency. Since 
the highest audio signal frequency 
constantly changes, the VCF’s cutoff 
frequency must also change in concert 
with the audio signal to avoid attenu- 
ating the desired signal. 

For example, with signal levels 
below the filter threshold (presumed 
to be mostly noise), the VCF shuts 
down to about 1 kHz, providing noise 
reduction in the critical 3-8 kHz band. 
The VCF progressively ‘opens up’ as 
higher frequency amplitudes are 
detected at the inputs. The VCF’s cut- 
off reaches 20 kHz when the high-fre- 
quency signal amplitude is 30 dB 
above the threshold. At this points, the 
VCF is acoustically transparent. The 
VCF’s cutoff frequency range is 
1-35 kHz. The minimum range of the 
VCF is limited to 1 kHz for two rea- 
sons: (a) to avoid high-frequency loss 
at the leading edge of transients, 
because the lower the minimum cut- 
off, the longer it takes the VCF to slew 
‘open’, and (b), noise is most objec- 
tionable at mid- and high-range fre- 
quencies. 

The SSM2000 has been designed to 
minimize control feed-through, since 
this may cause an audible output as 
the internal control lines of the VCAs 
and VCFs are changed rapidly. 
Feedthrough is the cause of many of 
the unpleasant artifacts prevalent 
among noise reduction systems and is 
often due to parasitic capacitance and 
mismatches within the IC. This speci- 
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fica- 
tion is 


important for both the VCA and the 
VCE but the VCF is the more suscep- 
tible because it operates at constant 
gain. 

The solution incorporated in the 
SSM2000 to reduce control feed- 
through has been to convert from sin- 
gle-ended to full differ- 
ential at the signal 
input and convert back 
again at the output 


AUDIO 
SIGNAL 


buffer. Because the audio paths 
through through the VCA and the 
VCF is fully differential, control feed- 
through is determined purely by mis- 
matches with no systematic errors. The 
slight penalty to be paid for a fully dif- 
ferential system, besides extra com- 
plexity, is that the external VCF capac- 
itors (1nF  recom- 
mended) now require 
two pins each instead 
of one. Careful atten- 


VOLTAGE 
CONTROLLED 
FILTER 


VOLTAGE 
CONTROLLED 
FILTER 


HIGH-PASS 
FILTER 


_ MASKED NOISE © 


CONTROLLED 


DEFAULT 
THRESHOLD 


AUTO THRESHOLD 
NEGATIVE PEAK 
DETECTOR 


PEAK 
DETECTOR 
PEAK 
DETECTOR 


tion to VCF capacitor matching and 
layout symmetry reduces control 
feedthrough to better than 40 dB 
through the signal path. 


DOWNWARD EXPANDER 
After the audio signal has passed 
through the VCF, it is sent differen- 
tially to the VCA. The VCA is charac- 
terized by a downward expander 
transfer function. Attenuation begins 
at output levels below 
the internal threshold 
at an effective rate of 
2.2 dB/decade. There- 


PASSBAND FREQUENCY RESPONSE +0.5dB 


| tg = 3kHz TO 35kHz 


6dB/OCTAVE SLOPE 


“FILTERED NOISE 
970084 - 12 


fore, audible noise is attenuated when 
source material is not present. Con- 
versely, when audio source levels are 
at or above the threshold, the VCA is 
set to unity again. Because of psy- 
choacoustic effects, it is valid to assume 
that at high audio amplitudes audio 
noise is masked by the audio material. 
The control information that is 
required for the down- 
ward expander to func- 
tion properly is pro- 
vided by the internal 


VOLTAGE 
CONTROLLED 
AMPLIFIER 


© Rour 


VOLTAGE 
0 Lout 


EXTERNAL VCA 
CONTROL PORT 


DIFFERENCE 
— 


DIFFERENCE 


= 
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Swi-F 
SIDE CHAIN 
OPEN = OUT 
CLOSED = IN V 


SW1-A 
OPEN = COMP 


10% POLY, 63V 


VCA_ detector — side- 
chain circuitry common 
to both the L and R 
channels, 

The Mute function (pin 17) can 
override the VCA controls. When 
mute is active (high), it pulls the VCA 
to maximum attenuation. An 85 dB 
professional-quality mute under 
worse-case conditions can be expected 
over most of the audible frequency 
range. Mute overrides both the inter- 
nal VCA control coming from the VCA 


SSM2000 


VCF LOG (RECTIFIER) 
AND FAST Tt PEAK 
DETECTOR 


60002 


7.2kKQ 


CLOSED = LEVEL 7 Sy, 


OPEN = LEVEL 
CLOSED = COMP 


2 
1pF NON-POLARIZED 
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V +6V MUTE 
Ra OPEN = MUTE 
3ko CLOSED = OFF 
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detector and the exter- 
nal VCA control port 
(pin 7). The external 
VCA control port is additive in nature 
to the internal VCA control signals; 
therefore, noise reduction and volume 
control may occur simultaneously in 
the SSM2000. The VCA control port 
allows the gain of the VCA to be 
changed externally at 
about 22 mV/dB, where 
150 mV is equal to 0 dB. 


VCA LOG (RECTIFIER) 
AND FAST t PEAK 
DETECTOR + OP AMP 


VCF DETECTOR 

Both the VCA and VCF detectors are 
amplitude detectors and identical in 
every way. The input signals applied 
to the detectors must be precondi- 
tioned for the detector circuitry to give 
the information that is required by the 
L and R VCFs and VCAs. 

The VCF detector is fed by a 
3x(L+R)/2 averaged input signal 
processed by a three-pole high-pass fil- 
ter with a -15 dB point at 10 kHz. The 
VCF preconditioning filter performs 
two functions: (a) it eliminates the 
large amplitude, low-frequency audio 
which would otherwise mask the 
high-frequency signals, and (b), it 
becomes increasingly _ sensitive 
throughout most of the VCF’s fre- 
quency range of interest (660 Hz to 
20 kHz), compensating for the effect of 
most audio signals which typically 
decrease in amplitude as frequency 
increases. 

The attack time of the VCF control 
is set internally and cannot be 
decreased; however, the release time 
constant is directly proportional to the 
value of the capacitor VCF DET CAP 
(pin 11). Signals above the potential at 
this pin cause the emitter diode of Q3 
to turn on, thus rapidly charging the 
VCF DET CAP 

When the audio signal has 
dropped below the level at pin 11, the 
emitter diode of Q3 is turned off. Dur- 
ing this condition, an internal 1.1 wA 
current source sets the release time by 
discharging the VCF DET CAR The 
release time constant of the VCF detec- 
tor is about ¥10 that of the Auto 
Threshold Detector. This ratio should 
not be decreased, because the output 
of the VCF detector is negative peak 
detected to arrive at the Auto Thresh- 
old level. 

The output of the VCF detector 
(pin 11) is multiplied by 13 after which 
the noise threshold is subtracted to 
arrive at the actual control voltage for 
the L and R VCFs. 
Diode D, and transis- 
tor Qy are used to set 
limits on the output of 


20ks2 20k2 


VCF 
CONTROL 


20k? 20k2 


TO VCA 
CONTROL 
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the detector circuitry to ensure that the 
detector remains responsive to pulsed 
high-frequency signals. 


VCA DETECTOR 

The VCA and VCF detectors are iden- 
tical; therefore, refer to the previous 
section for detailed information about 
the internal operation of these detec- 
tors, 

The VCA detector is used to detect 
the audio band signal amplitude 
(20 Hz to 20 kHz). Usually, the lower 
frequencies, 50 Hz to 2 kHz, contain 
the highest peaks. Therefore, the 
VCAs_ preconditioning filter must 
allow low-frequency signals to be pre- 
sented to the VCA detector. A single- 
pole filter is used to accomplish this 
function. This filter is formed by a 
2.2 uF capacitor and the internal input 
impedance (pin 10) of 6 kQ. 


ADAPTIVE NOISE 
THRESHOLD 


The threshold level chosen for both 
the variable filter and downward 
expander is of prime importance in 
differentiating between signal and 
noise. In an automotive environment, 
for example, the audio sources are 
generally AM and FM radio, tape and 
CD. Setting the noise threshold at a 
value suitable to improve a noise FM 
station could easily wipe out most of 
the dynamic range of a CD. FM station 
threshold setting is compounded by 
the vast variations in signal strength in 
any given location, and the fact that 
many FM receivers will revert to 
monaural operation with a greatly 
improved SNR when signal strengths 
become weak. It is also unreasonable 
to expect the driver of an automobile 
to fiddle with panel controls in order 
to improve the threshold tracking. The 
patented adaptive noise threshold in 
the SSM2000 solves these problems, 
maintaining the transparency of the 
noise reduction system under most 
operating conditions while not intro- 
ducing cumbersome end-user controls. 

Since noise is most objectionable at 
frequencies in the range 3-8 kHz, only 
the VCF detector output signal is used 
to determine the adaptive noise 
threshold. Figures 6a—c show several 
circuits that illustrate how the noise 
threshold is derived. It is important to 
remember that the signal applied to 
the noise threshold detector circuitry 
has already been rectified and aver- 
aged. Hence, the lowest potential over 
a set period of time corresponds to the 
noise floor. Node A corresponds to the 
output of the VCF detector and node 
Bis proportional to the adaptive noise 
threshold. 

Figure 6a illustrates the condition 
where the potential at node A is above 
the maximum possible potential for 
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; ; 
1 Q1 CLAMPS NODE 
WIS | B TOA DIODE DROP 
CHARGING! ABOVE THE 

C1 | POTENTIAL AT PIN 14 


VOLTS 


12 FLOWS DISCHARGING 
C1 CAUSING NODE B TO 
VOLTAGE FOLLOW NODE A 


VOLTS 


B TO THE MINIMUM NOISE 
THRESHOLD LEVEL 


node B. The maximum 
noise threshold is set 
by the potential placed 
on pin 14. If the poten- 
tial at node B rises to a 
diode drop above 
Pin 14, Q;'s emitter- 
base junction turns on 
and clamps node B. 
This is represented by 
current Ip. 

However, if node B 
has not yet risen to the 
maximum noise 
threshold level, both 
Q, and Q) are off and 
the 35nA_ current 
source is charging C). The auto thresh- 
old capacitor should be a ceramic or 
equivalent low-leakage type, because 
the charging current could otherwise 
be of similar amplitude to the capaci- 
tor leakage current. 

Figure 6b illustrates the conditions 
where the potential at node A is 
between the maximum and minimum 
potentials for node B. When node A 
falls below node B, the emitter-base 
junction of Q; turns on, causing node 
B to follow node A. Current I, illus- 
trates how the discharge current from 


11 AND 12 FLOW CLAMPING NODE 
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NOISE THRESHOLD (14) 
LEVEL 


C1 
vu 0.22pF 
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NOISE 
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Fe ct 
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(15) 

c1 

MAXIMUM 0.22uF 
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LEVEL 
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C; and the 35 nA cur- 
rent source are directed 
through Qs, 

Q> shuts off the 
moment that node A 
rises above node B. This 
forces the 35 nA current 
source to begin charg- 
ing C) at a constant rate 
set by the value of Cy at 
pin 15. 

Figure 6c illustrates 
the condition where 
the potential at node A 
is below the minimum 
potential for node B. In 
this case, the internal 
minimum noise potential causes a 
diode to turn on, This clamps the node 
A potential to the minimum noise 
threshold level. Current I; represents 
the current flow in this condition. In 
addition, the 35 nA flows through Q;'s 
emitter-base junction as shown by Ib. 

Simply subtracting the noise 
threshold from the average VCF HF 
control signal plus noise threshold and 
the average VCA control signal plus 
noise threshold will yield the final VCF 
and VCA control signal. This operation 
is accomplished with two internal dif- 
ferential amplifiers. [970084] 
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inexpensive isolator for RS232 


The isolator is intended to provide 
electrical isolation between a com- 
puter and the equipment connected 
o its serial port. For instance, users 
of the BASIC Stamp want to link the 
microcontroller to electrical loads 
only if there is no risk of damage to 
the PC. In such cases, the isolator 
described in this article may be of 
help. 

Connector Kj is linked to the ser- 
ial port af the PC and derives from 
one of the lines, here the TxD line, a 
symmetrical supply voltage. The DTR 
and RTS lines may also be used, pro- 
vided they are regularly switched 
between a positive and a negative 
voltage. 

The other side of the isolator car- 
ries TTL levels. This side is powered 
by a iow voltage. Since most micro- 
controller circuits have their own 
power supply, powering a few more 
gates should not present any difficul- 
es, 

The potential at the TxD line is 
converted into a symmetrical direct 
voltage of +6.8V by Ds and Dg 
This voltage is used to supply IC). 

The TxD signal is also applied to 
the LED in 1C). Diode Dy prevents 
the LED being damaged by a nega- 
tive input voltage. 

The LED in the optoisolator will 
flash in rhythm with the applied 


2x 1N4148 


2x 1N4148 


data, while the digital code appears 
at pin 6 of the IC. 

Buffers 1C3,, and 1C3. magnify 
the digital signal to full TTL level. 


6v8 1N4148 


(7) 100n |4u7 
16V 


(0) 


974004 - 11 


The send signal of the microcon- 
troller system is applied to optoisola- 
tor IC) via ICs. and. after optical 
transfer, also appears at pin 6, There, 


large enough to drive 
RS232 link 


VCO continuity tester 


Although the tester could hardly be 
simpler, it has a fixed place in the 
tool box of the designer. The test 
voltage is derived from a standard 
9 V battery and is applied to a test 
prabe via D) and S;.This probe is 
linked to one end of the line whose 
continuity is ta be tested. A second 
probe, whose output is applied to 
the input of a VCO (voltage-con- 
trolled oscillator) is connected to 
the other end of the line. 

The range of oscillation of the 
VCO is determined by C, and R, 
(tap of the range) and the resis- 
tance at pin 12 (bottom of the 
range), which in this application is 
left open. 

In the absence of a voltage at 


y ie 


the input of the VCO, the oscillator 


does not oscillate. When the test 
voltage reaches pin 9 (line is all 
righ), the VCO oscillates at the 
maximum frequency of 1.2 kHz. 
This signal is made audible via a 
piezobuzzer, Bz; 

Because of its discrete supply, 
the tester can also be used for tests 
on active circuits, Zener diodes D, 
and D3 prevent damaging voltages 
from reaching the input of the 
¥CO. 

The level of the test current is 
set with P,, which is useful when 
the connection to be tested is a 
high-impedance one. 

The tester draws a current of 
around 3 ma. [Dittrann 974046) 


it switches between +6.8 V, a swing 


a standard 


[Kersien 974004] 
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auto on/off switch 
for power supplies 
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D2...05 = 4x 1N4148 


In the testing of circuits, there is 
sometimes a need for the supply 
voltage to be switched on at a 
given time or in steps. 

The auto on/oll switch pre- 
sented is based on IC), an oscil- 
lator/binary counter. The fre- 
quency of the oscillator is deter- 
mined by Rg-Ry9-P)-Cs5. The IC 


wideband VHF preamp 


This inexpensive VHF preamplifier 
uses the BF324 TO92 sole pnp uan- 
sistor in a grounded-base configura- 
tion. The circuit may be used as a 
signal booster with VHF receivers 
whose front end suffers from low 
sensitiviry (such as many valved and 
army surplus types}, The frequency 
range of the preamplifier is roughly 
frarn 75 MHz ta 150 MHz, 

The two inductors in the circuit are 
home made, L, consists of 10 turns 
of 24SWG enamelled copper wire: 
the internal diameter is 3 mm, no 
core. Inductor Ly has 13 tums of the 
same wire, and an internal diameter 
of 5 mm; no core is used either A 
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* see text 


Ra 


has ten outputs that become 
high sequentially and which may 
be used to drive identical transis- 
tor stages (three of which are 
shown in the diagram}. Each of 
these stages consists of a poten- 
tial divider and a BC548B transis- 
tor that functions as a switch, 
The actual power supply, in 


construction tip: close-wind the 
inductors using 3 and 5 mm drill bits 
respectively as temporary formers, 
The prototype of the preamplifier 
was successfully usecl with an 88- 
108 MHz FM broadcast receiver and 
a 2-metre VHF ham receiver 
The preamplifier draws about 2.5 mA 
from a 5-volt supply. 

(aFal 
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conjunction with power transistor 
T, lunctions as a parallel regula- 
tor, [he output voltage is deter- 
mined by the zener voltage of D; 
less the drop across the base- 
emitter junction of T, plus the 
drop across those diodes that are 
not short-circuited by a transistor, 

For example, if the zener 


75...150MHz 


diode is a 12 V type, and T, and 
Ty are cut off, the output voltage 
is 12+40.7-0,7 =14.1V. 
The zener voltage is discretionary, 
bur depends on the minimum 
output voltage plus LA, of T). 

When T) is switched on, the 
zener diode is short-circuited, so 
that the power supply is switched 
off. 

Resistor R; limits the current 
through the series of diodes. 

Although the IC can operate 
from a wide range of supply volt- 
ages, it is recommended to use a 
5 V regulator, IC), If the load cur- 
rent is in excess of 100 mA, T, 
must be mounted on a suitable 
heat sink. The transistor must not 
get so hot that it cannot be 
touched. Lf it does, the load cur- 
rent must be reduced, a higher 
rated heat sink used, or Ry added. 
The value of this resistor in ohms 
is the numerical difference be- 
tween the input and output volt- 
age in volts divided by the numer- 
ical value of the peak load current 
in amperes, Its rating is the prod- 
uct of these quantities. 

Finally, note that the on/off 
switch is not short-circuit-proof, 
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_variable-pulse generator 


In electronics, there is often a Te- 
quirement for a generator that 
provides variable-width pulses. 
Examples abound: stair lighting: 
timesinterval switch in private 
and commercial vehicles; time 
switch for room lighting, radio or 
stereo equipment, or ventilators. 
The integrated timer very often 
used is the 555, This has a draw- 
back, however, in not being able 
to provide very long  pulse- 
widths. Moreover, long pulse- 
widths cannot be set accurately 
with a potentiometer. 

In the present circuit, the 
pulse-width can be set very accu- 
rately over a wide range. The cir- 
cuit is controlled by an RS 
bistable consisting of gates LC3,, 
and [C3,,, It is set by operating 
switch S; at the Set input (pin 6). 

The output of the bistable 
(pin 3) trips the output relay via 
T,. Freewheeling diode Dj, pro- 
tects the circuit against induc- 
tively induced surges. The status 
af the circuit is indicated by D3. 

The bistable is returned to its 
output state via the Reset input 
(pin 1). A reset also occurs on 


This cireuit converts the wiper posi- 
tion of a potentiometer (slide or 
Totary) into one of 1) binary values 
{0 through 10). The author designed 
and used this ‘digital potentiometer’ 
to provide an interlace between a 
microcontroller and the arm assem- 
bly of a robot, 

The familiar LM3914 is used here as 
an analogue-to-digital converter 
(ADC) which translates the (ana- 
logue) wiper voltage into a corre- 
sponding digital value. The LM3914 
is used in bar mode in the present 
circuit for reasons outlined below. 
The ten open-collector outputs of the 
LM3914, LT through LTO, are con- 
nected to the inputs of a 10-to-4 pri- 
ority encoder, IC2, a 74147. Only 
the inpur bit with the highest signifi- 
cance appears in +-hit binary code at 
the outputs of the encoder. The ten 
encoder inputs allow the codes 0000 
through LOOL to be made (that’s 
decimal 0 through 9}. XOR gates 
1C3c and IC3d have been added to 
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switch-on via Ry-C>. 
The Reset input is driven by 


the output of of a counter? escil- 
Jator, In the 


qulescent state, 


sition sensor 


decade counter IC, is disabled 
via its Enable input while [C1 as- 
cillates and counts. This does not 
matter, however, since a push on 
the button resets both counters 
to zero, The oscillator pulses are 
then starts to count and when 
the 16348" pulse arrives at pin 


3, the decimal counter is 
clocked 


Thereupon 53, which may be 
a rotary switch, a DIP switch ora 
jumper, enables one of the next 
ten pulses to be selected and ap- 
plied to the reset line of the mul- 
vibrator. Diode Dy prevents any 
feedback to the outputs of IC, 

The time elapsing until 
16348 or 163480 pulses are gen- 
erated depends, of course, on the 
oscillator frequency and, there- 
fore. on the setting of Py, A 1 kQ 
preset makes switching times up 
to 2s possible. Resistance and 
pulse duration are virtually di- 
rectly proportional 

The circuit draws a current of 
15 mA (mainly on account of the 
LED). excluding the relay cur- 
rent. 
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enable the value * 10° or 1010 ta be 
produced also. Their function is as 
follows: if the ‘147 encoder is at the 
value 1001 (9). and L10 of the 

LM3914 goes low (active), then the 


74 


74HC147 


XOR gates will invert the wo least 
signilicant bits, creating the binary 
word 1010. 

However, that only works if L9 remains 
active when L10 is actuated, hence the 
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use of the ‘bar’ mode rather than the 
‘dot’ mode on the LM3914 
(974044 - KM eddy 
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So. ccaneeneen 


RS232-driven shift register 


The circuit, which consists of only 
a few gates and a latched shift reg- 
ister, is eminently suitable for dri- 
ving several outputs via a two-wire 
RS232 connection, An example is 
the ‘stepper-motor control’ else- 
where in this issue. lt may also 
prove useful when, for instance, all 
the gates of a microcontroller are 
occupied, 

The program was used to drive 
eight LEDs via the prototype 

The RS232 interlace must be 
set to 9600 baud, ne parity, eight 
data bits, one stop bit. So, to send 
a bit via the RS232 bus, a data 
block of ten bits (eight data bits 
plus one stop bit plus one start bit) 
must be sent 

A logic 1 is sent as FF,,., 
which is eight ones and a logic low 
is sent as 00,,,,, that is eight zeras 

In the quiescent state, the out 
put af the RS232 interface is -—12 V. 
A logic ] is represented by -12 V 
and a logic 0 by +12 V. 

[he internal protection diodes 
in Cj, 
limit the input voltage to about 
600 m\. 

The DATA line (pin 2 of IC) 
carries the same signal as the 


in conjunction with R,, 


R5232 bus, but converted to OV 
(logic low) and +3 V Cogic 1) 

A leading edge at the input of 
the circuit, such as that of the start 
bit of a new data block, causes a 
positive pulse at the input of ICy),, 
which then enables the Schmit 
Lrigge! 

Capacitor C; is then dischargec 
via D,. During the discharge time, 
is high. As soon 


as Cy is discharged, the output 0 


the output af ICs, 


IC. goes high. whereupon C3 ts 


charged apain via Ry. After abou 
330 yes, the potential across Cy is 
high enough to trigver IC), where- 
upon the ouput changes from 1 to 
0, The consequent trailing edge 
causes the input of IC;,, which is 
normally held high by Rs, to be 
come low. This in tum results in a 
leading edge at the CLK input of 
IC, enabling the information on 
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the DATA line to be written 

The lower branch in the dia- 
gram (IC) 4 and IC), functions ina 
similar manner, but the time con- 
stant Ry-Cy is about ten times as 
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long. When for 5.16 ms ne signal 
is sent aver the RS232 line, the 
STROBE. signal becomes active, 
whereupon the data in the shift 


register is latched to the output 


As shown in the diagram, the 
circuit may be expanded by linking 
the carry out of [C, to a second 
(and subsequent) register (C3, 
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Pit your reaction and coardination 
skills against an opponent with this 
electronic push-button game. 

The game is intended lor wo players 
(or teams) identified as red or green. 
There are two rows ol push-buttons, 
four red and four green, with adja- 
cent J-EDs. These flash sequentially 
between red and green at a speed 
that can be manually adjusted, The 
object is for a player to press his or 


her associated push-buttons during 
the brief time that the player's LEDs 
are alight. Each push-button enables 
an energy store to be ranked up dur- 
ing this period. However, any push- 
button pressed when its LED is not 
on will drain off energy. When all 
four energy states are tanked up, the 
output of a 4+-input NAND gate 
switches on a transistor and a 
recl‘green jumbo LED in its collector 
circuit indicates the winner. A buzzer 
also conlirms that the game is over. 

Control of the timer speed (by the 
referee only!) enables the game to be 
played with varying deprees of skill to 


satisly both young and old 

A ‘freeze’ button, which pauses the 
j 

display on one of the LEDs for about 


two seconds can provide a more 
leisurely method of play 
slower timer speed will introduce an 


Again, a 


element of skall, players taking tums 
to choose which LED may be tar- 
peted for storage 

A dice facility, using six of the LEDs, 
also quasi-random or skill<lependent 
(slower speed), is provided for use 
with other games, For some games, a 
heads;tails facility can be employed 
by choice of red and greens. For four- 
a-side pames, quizzes for example, all 
eight |EDs can be used, together 
with the freeze button 

Now tor the circuit, Counter clock 


pulses are provided by 1C1, a 555 
timer wired in astable mode. Timing 
components Pl, RI, R@ and C4 
enable any pulse speed to be set 
between ] and }80 per second (test 
points w and b) 

At switch-an, the output of [C1 
evcles eight of the decoded outputs 
of }C2 (a 4017 Johnsen counter), as 
the reset pin, 15, is connected to 
pin9 via S11. The resulting high 
output on pin 9 provides a reset 
pulse after the eighth output. The 
positive output pulses energize LEDs 


sio 2 
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01.,,04, D9 = green 


C6... C13 = 101 16V 


DS5...D8, 010 = red 
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D1 to D8 in tum, causing them to 
cycle at a speed determined by the 
setting af PL, 

The red push-buttons S6-S9 each 
connect a counter OUTPLIt to INpUcs 
9-12 of a 4-input NAND gate in 1C3, 
Similarly the green push-buttons S2- 
$5 go to the inputs af the other 
NAND gate. Electralytic capacitors 
C6-C13 (one at each input of 1C3) 


$10 


Oca 


Pe.8 


COMPONENTS LIST 


Resistors: 

R1,R6 = 2kQ2 

R2,R3,R4 = 1kQ 

R5 = 100kQ 

P1 = 1MQ linear potentiometer 


» Os» 4054,08 Oc 


serve as the tank circuits. Although 
any of these can be charged up 
instantly by pressing the associated 
push-button when the LED indicates 
that the output pulse is present, it 
will also discharge instantly if the 
push-button is actuated when the 
pulse is absent. 

If all ‘red’ inputs of 1C3 are high, 
output pin 13 goes low and switches 


Capacitors: 

C1,02,C3 = 100nF 

C4 = uF 16V radial 

C5 = 22uF 16V radial 
C6-C13 = 10uF 16V radial 


Semiconductors: 
D1-D4,D9 = green LED 
D5-D8,D10 = red LED 


Mac-to-VGA 
monitor adapter 


Irrespective of their size, Apple (com- 
patible) monitors are nearly always 
more expensive than the ones com- 
monly identified as VGA or S-VGA by 
PC users. As Apple computers are 
usually sold without a monitor (the 
catalogues say ‘CPU only") it is possi- 
ble to reduce the cost of a complete 
system somewhat by using a VGA 
monitor If you do so, the ensuing 
plug incompatibility problem is 
solved by the circuit shown here, 
which consists of a 15-way high-den- 
sity suh-D VGA socket at one side 
and a standard 1 5-way sub-D plug at 
the other. The indicated pins of these 
two connectors are connected by 
short wires, and Bob’s your uncle. 

Note that this adapter also passes the 
monitor-ID bits to the Mac com- 
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puter Consequently, you should be 
able to choase from a number of 
available screen resolutions if you go 
to the Monitor settings on the Mac 
(use the Control Stnp if you have 
System 7.5.3). 

The adapter is also suitable for those 
of you who wish to share a VGA 
monitor between a Mac and a PC 
without swapping video cables and 
plugs all the time. Provided the mon- 
itor has separate RGB and sync 
inputs on BNC sockets, the PC can 
use these, while the Mac is con- 
nected to the sub-D socket via the 
adapter shown here, 
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on T2. This in turn switches on red 
LED D9 and brings on solid-state 
buzzer Bzl. Conversely, if all green 
inputs ace high, output pin 1 of IC3 
goes low and Tl switches on to 
energize the green LED, DEO (test 
point d), 

The freeze button, $1, takes the clock 
inhibit input of (C2 (pin 13) high, 
and the charge on C5 holds the dis- 


| 


71,72 = BC557 
IC1 = 555 

IC2 = 4017 
(C3 = 4012 


Miscellaneous: 

$1 = push-button, 1 make con- 
tact 

§2-S5 = red push-button, 1 make 


played LED momentarily (test paint 
c). The stated value of C5 gives a dis- 
play of about two seconds, which 
seems adequate for dice or capture 
purposes, but this can be varied as 
desired, 

Unfortunately, the printed circuit 
board shown here is not available 
ready-made through our Readers 
Services. (974020 - A Bebington; 


contact 

§6-S9 = green. push-button, 1 
make contact 

Bti = 9V PP3 battery with holder 
and clip 

Bz1 = active buzzer, 6V 

$10 = switch, 1 make contact 

$11 = switch, 1 change-over 
contact 
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The microcontollerdriven light bar- 
tier operates with two infra-red 
senders which. if set up correctly, 
provide a measure of directivity 

[he senders, Ds and D,,. may be 
standard inlra-red models whose 
beam is directed on to an infra-red 
receiver, ICs, Since the senders oper- 
ate with a 36 kHz carer, the receiver 
may be an inexpensive, easily avail- 
able mode! with integrated demodu- 
lator, filter and amplifier, such as used 
in IR remote control systems, LEDs 
DD); funcuin as status, operation 
and position indicator 

The light bamer is controlled by 
a Type L6C54 microcontroller, IC), 
which is clocked by a | MHz crystal 
The outputs of IC, are bullered by 
an integrated octal power driver, [Cy 
This enables a buzzer, relay or lamp 


rated at up to 300 mA to be driven 
in addition to, or instead ol, the 
LEDs. 

the PIC contains wo programs 
After switch-on, the operating pro- 
gram starts with a routine which ini- 
tializes the port lines and the vanous 
registers. Thereupon, ports PBy and 
PB,. 1a which the 
linked, altemately 


IR senders are 
generate four 
pulses each 

these pulses are detected by the 
receiver and read via the real-time 
clock (RTCC}. If fewer than four 
pulses are received, the PIC repeats 
the process twice to ensure that no 
pulses are lost or that no spurious 
pulses are received. If during nane af 
the three processes four pulses are 
received, the program interprets this 
as an interruption (break) in the 


light beam 

Whether — this arrangement 
ensures that the system does nor 
react to spurious pulses can be 
checked by closing jumper JP) or 
JP;. which disables the control 
process. The PIC then reacts to the 
second {JP)} or first UP3) spurious 
pulse. This action is, however, useful 
only if the IR beam is set up accu- 
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Parts jist: 

Resistors: 

Ry = 47 kQ 

Ro = 12 kQ 

Rg = 4x 10 kQ array 
Ry. Rs = 100 22 
Re-Rig = 2.7 kQ 


Capacitors: 

C;, Co = 33 pF 

Cy, Cs, C5 = 0.1 pF 

Cy = 47 pF, 25 V, radial 
Cg = 470 pF, 25 V, radial 


Semiconductors: 

D,-D, = 1N4001 

Ds, Dg = infra-red LED, e.9. 
LD271 

D7-D,; = LED 


Integrated circuits: 

IC; = PIC16C54 (programmed 
with EPS 976503-1) 

iC = ULN2003 (Sprague) 

ICg = SFHS05 or SFH506-36 or 
ISU6O (36 kHz) 


PE CS gre EPEAT 


IC, = 7805 


Miscellaneous: 

JP;, JP = jumper for board 
mounting 

K; = soldering pin 

Ky = 9-pole PCB mounting block 

§;-S3 = single-pole switch with 
on contact 

Xy = crystal, 1 MHz 


12/97 


rately and screened cable is used. 
When the light beam from Ds is 
interrupted, Dg and Dy, light for 2 
seconds, D> for about 8 s, and Dy for 
around 20s. In case af De. Dig 
lights for abour 2s and Dg for 
around 20s, With the use of an 
appropriate evaluation circuit, it may 
be determined in which sequence, or 
in which direction, the light barrier 


The circuit in Figure 1 consists of a 
charge pucap which can be switched 
for use as a voltage inverter or a volt- 
age doubler, It requires two CMOS 
ICs Type 74HC14, but Type 40106 
may also be used, although this pro- 
vides a rather smaller current. 
Circuit IC), is arranged as an 
oscillator operating, with compo- 
nents as specilied, at a frequency of 
about 160 kHz. 
Inverters LC) ,-[C); are in parallel 
o ensure sufficient output current. 
The signal is also applied to a 
second group of inverters in parallel, 
[Cy,AC3, via Cy. Since this capacitor 
passes a pulse only at the edges ol 
the oscillator signal, this group al 
inverters is augmented by positive 
feedback provided by 1C5,. Resistor 
Ry ensures that the leedback circuit 
is triggered via Cy, 
Capacitor C; is the charge pump 
that transters the requisite energy. 
Because of the relatively high [re- 
quency, the value of this capacitor 
need nat be high. 
Adjacent to the diagram is shown 
how the circuit can be used as either 
a voltage in-verter or a voltage deu- 
bler. Note that the inverted or dou- 
bled valtage is taken from the +ve 
supply pin of IC) and the -ve supply 
pin of IC). 
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Invert 


was interrupted. 

The clearly different switching 
times permit various uses of the 
alarm outpurs. Alter the last LED has 
gone out, the program starts anew, so 
that the light barrier cannot be dis- 
abled by covering the IR diodes. 

The pesition program is an 
important aid during the setting up 
of the Ginvisible} infra-red beams. It 


The operation of the circuit is 
best understood with reference to the 
output stage of a CMOS IC as shown 
in Figure 2. 

Bath groups of inverter switch in 
phase. In case of a voltage inverter 
this results in C3 being charged dur- 
ing one half-period (in parallel with 
the supply line—see Figure 3a), 
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er/dou 


starts when $3 (for Ds) or $3 (lor Dg) 
is held down at the same time as S; 
is pressed for a reset. As long as there 
is no IR link established, D. , flashes 
(for D5) or Dyy Ufor Dg), When the 
link has been established, the rele- 
vant LED lights continuously, A 
retum to the operating program is 
effected by another reset. 

The circuit draws a current of 


IC1 = 74HC14 
IC2 = 74HC14 
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whereas during the other half-period 
the capacitor is in parallel with Cs, so 
that this capacitor is also being 
charged—see Figure 3b. During 
voltage-doubling, virtually the same 
happens, but in this case the poten- 
tial across C) is superimposed on the 
ourput of IC). 

The unloaded output voltage is 
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about 25 mA plus that through the 
load connected to 1C3, The power 
supply may be a 9 V mains adaptor, 
which need not be regulated. 

The light barrier may be con- 
structed on the printed-circuit board 
shown, which is, however, not avail- 
able reacty-made, 

[Ditinar - 974001] 


virtually double the supply voltage 
(when the circuit is acting as a dou- 
ble). When the output current is 
10 mA and the supply voltage is 6 Vj 
the output voltage drops to -5 V 
(inverter) or rises to +11 ¥ (dou 
bler}, When the circuit is unloaded, 
it draws a current of only 1.5 mA. 
‘Kappens SF 40° () 


PICSTART-16B1 kit 


comes with two PIC controllers: an 


Microchip's 


18-pin PICI6C71 and a 28-pin 
PIC16C57. Both controllers have an 
internal EPROM, with the obvious 
disadvantage that the time needed to 
erase them is, well, annoying if you 
want to stay in the fast lane with 
code development. 

This adapter allows you to simulate a 
L6C71 by means of a larger PIC 


COMPONENTS LIST 


Resistor: 
R1 = 3kQ3 - 100kQ * 


Capacitors: 
C1,02 = 100nF 
C3,C4 = 22pF * 
C5. = min. 27pF * 


Miscellaneous: 

IC1,1G2 = 28-pin ZIF socket, see 
text 

K1-= 20-pin boxheader or pin- 
header 

K2 = see text 

X1 = quartz crystal, 32kHz - 
20MHz * 

18-pin DIL piug, IDC style (Eurodis 
35633010T) 


* optional, value depends on appli- 
cation, consult PIC datasheets 


device, the 28-pin PIC) 6C57. In this 
way, you can continue developing 
PIC code, not wasting time counting, 
hairs on your arm, wwiddling thumbs 
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* see text 
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or just fidgeting as you have to wait 
for the UV eraser to do its thing with 
the ]6C71 

The circuit is connected to a target 
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adaptor board for 18-pin PICs 
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system by means ol a flarcable and 
an 18-pin DIL plug which is inserted 
in the socket normally occupied by a 


PICI6C71, Although the present 
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X11 = 32kHz...20MHz 
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board also offers a crystal and ancil- 
laries to operate the PIC’s internal 
ascillator, these parts will seldom be 
required as they will be available on 
the target system board in most 
cases. For oscillator configurations, 
consult the PIC’s datasheets, 

If you want to he able to fic 18-pin 


two-way 2 
for 89C1051/2051 


80C51 


RXD/P3.0 
TXDIPS.1 
INTOMPS.2 
INTHPS.3 
TO/P3.4 
TUP3.5 
ROIP3.7 
RESET 


All change?! This adapter board maps 
the pins of the 20-pin PDIP 
AT89C1051/2051 micrecontrollers 
from Atmel ta the corresponding 
pins in a 40-pin DIL 80C51 foot- 
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16C7 1's on the present board, two 
options are available. The first is co fit 
an 1&pin narrow-DIL ZIF socket. 
which, alas, is a rare bird and fright- 
fully expensive, toa, If you happen to 
have one, email us, and use the 18- 
pin DIL shape shown on the board 
to fit it. A low-cost altemative is to 


89C 
2051 


RXD/P30 
TXD/P31 
INTO/P32 
INTi/P33 
TOIPS4 
T1UP35 
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print. The board is essential if you 
want to use or emulate an Atmel 
controller in a circuit having a 40-pin 
DIL socket (for an 80C51). It’s also 
possible to use the aclapter the other 
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mount an 18-pin socket with turned 
pins on the board in which you 
insert another, inexpensive, socket, 
and then the PIC. 

The board is connected to the target 
system by a flatcable with an 18-pin 
IDC-style DIL. plug at one side, and a 
20-vay IDC socket at the other, The 


way around, that is, if you want to 
use an 80C51 in a circuit which is 
physically designed to accept an 
Atmel controller, Do remember, how- 
ever, thar the 8OC51 has no cum- 
parator on pins PI] and PL2, while 
the 89C2051 has the output of this 
comparator located internally on 
P36, in other words, the output is 
not banded out to a pin. 

The construction of the adapter 
board depends on what yeu want to 
do with it. If you want to change 
from # 40-pm DIL socket (on the tar- 
pet system board) to a 20-pin socket 
(for an Atmel controller or emulator}, 
then LCL on the adapter board 
receives a 40-pin DIL socket with 
long pins, while position 1C2 receives 
a regular 20-pin DIL socket. For the 
reverse footprint conversion, use a 
20-pin socket with long pins, and a 
regular +0-pin socket. 

Unfortunately, IC sockets with long, 
thin, pins are not easy to find. An 
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latter is connected to boxheader K1. 
Note that pins 19 and 20 are not 
used. 

Regrettably, the printed circuit boarc 
shown here is not available ready- 
made through our Readers Services, 


(974040 - 0 Dittzani 


to-40 pin adapter board 


alternative is fo use a wire-wrap 
socket. The two problems created by 
a wire-wrap socket are easy to solve, 
The first is that the plastic cross sup- 
parts have the be removed. The sec- 
ond is more serious: wire-wrap pirs 
are too thick! When inserted into a 
normal IC socker, they make perfect 
contact, but cause permanent defor- 
mation of the spring contacts. The 
latter problem may be overcame by 
stacking a regular IC socket on to the 
wire-wrap socket, and use the thin- 
ner pins for the connection with the 
target system socket, 
The supply decoupling capacitor, C1, 
should be a miniature type which 
can be dropped inside the 20-pin IC 
socket. If necessary, solder the cap at 
the track side of the beard, or, even 
better, use an SMA device. 
The printed circuit board shown here 
is, regrettably, not available ready- 
made through the Readers Services. 
(a0 Bi) 


Valuable items are best protected 
against thelt by a customized alarm 
system. The protection system de- 
scribed here can not only protect 
that valuable vase in the hall, buc 
also windows, doors or closed 
spaces. such as rooms or hallways 
If anything or anybody approaches 
the protected item or space, an 
alarm sounds 

Phe circuit is based on a mea- 
suring bridge and proximity sensor 
which is controlled by a traditional 
Wien-Robinson oscillator, The 
measurand is rectified and applied 
to a differential amplifier, which 
drives a piezobuzzer. 

A Wien-Robinson bridge as in 
Figure 1 consists of a high-pass lil- 


C1 
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IC1 = TLO74 


D3 
so 
~ 


9V 


ter and low-pass filter in series, and 
the whole shunted by potential di- 
vider R-4R. The divider provides a 
signal at a level of 1/3U, in the 
pass band. The output voltage at 
the resonance frequency 


Parts list 


Resistors: 

Ry, Ro, Rg = 1 kQ 

Ry = 3.3.kQ 

Rs = 150 kQ 

Re = 1.5 MQ 

Rz7, Rg = 100 kK 

Rg = 8.2: kQ 

P, = multiturn preset, 200 kQ, hori- 
zontal 


Capacitors: 
Cy, Co, Cs, C5 = 0.01pF 


Ca, Cq = 0.4 uF 


Semiconductors: 
D,, Dp = 1N4148 
Dg = LED, high efficiency 


integrated circuits: 
IC; = TLO74CN 
1Cp = TLOB1CP 


Miscellaneous: 

Bt, Bl = 9'V dry battery 

S$; = double-pole on/off switch 
Bz, = piezobuzzer 


y to 
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f,=1/20RC drops to a minimum 
(theoretically 0). The bridge has a 
frequeney response reminiscent to 
that of a netch filter and an instan- 
taneous phase shift from —90° to 
+90° at the resonance frequency, 
Such a phase shift is a prerequi- 
site for the use of the filter in a sta- 
ble oscillator. Unfortunately, the 
ourput of the bridge at the reso- 
nance frequency is zero or very 
nearly so, which prevents any feed- 
back hy a factor € unless the di- 
vider is altered slightly. The smaller 
e, the more stable the oscillator is. 
However, a good frequency re- 
sponse requires a large € and a 
high ourput voltage at the reso- 
nance frequency, so that the fol- 
lowing amplifier can compensate 


attenuator/ 


This cireuit is not the very latest in 
hi-fi, but it may be of interest to 
hose of you involved in producing 
sound tracks with (small-scale) 
films (home movies, perhaps), or 
producing sound samples using 
‘performers’ (including animals) 
whose dynamic range is a little toa 
large. 

The signal to be processed ar- 
rives on the input terminals shown 
at the left-hand side of the circuit 
diagram, Potentiometer P, allows 
he inpur signal to be adjusted be- 
fore it reaches the input of 1C), an 
MC3340P from Motorola. The 
evel adjustment is necessary ta 
prevent sudden variations in the 
input signal level from reaching the 
output of the circuit. The 
MC3340P is an electronic attenua- 
tor which offers an attenuation 
range al up to 80 dB for frequen- 
cies up to | MHz. The distortion 
introduced by the chip is smaller 
than 1% if the attenuation does 
not exceed 15 dB, or 3% for an at- 
tenuation of 40 dB, 

The value of the RC networks 
at the input and the output is such 
that the lower cut-olf frequency of 
the total circuit does nat exceed 
12 Hz. Resistor Rg defines the time 
constant of the rectifier formed by 
diodes D, and Dy. Its value pre- 
vents the distortion from increas- 
ing when the input signal fre- 
quency decreases. The current sup- 
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for the losses caused by the bridge. 
So, if is too small, the oscillator 
does not work, and if é is too large, 
the output becomes so large that it 
overdrives the system. A precisely 
arranged e is not easily obtained, 
whence a Wien-Robinson ascillator 
is normally provided with an out- 
put contral, 

This is not needed, however, in 
the oscillator in the circuit in Fig- 
ure 2. Here, €= 1.3, which ensures 
that the oscillator works reliably 
but overdrives so that it behaves as 
a square-wave oscillator. Its fre- 
quency is 15.9 Hz. 

Alter the signal has been 
buffered in 1C},,, it is applied ta a 
measurement bridge consisting of a 
resistive and a capacitive potential 


plied by the MC3340 via pin 2 
produces a voltage across Ry. 
Without the action of buffer 
op amp IC3, the voltage swing on 
Ry would cause a too large attenua- 
don. 

The two op amps in LC; form a 
kind of level adaptor. The condi- 
tioned signal is now available at the 
output terminals. 
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limiter 


divider. 

The proximity sensor con- 
nected across E) and E, is in paral- 
lel with C4. It consists of two metal 
suips (aluminium [oil or tin plate) 
that are arranged in parallel to form 
a kind of capacitor. 

The sensor is located near the 
item ta be protected. As long as 
nothing or nobody approaches the 
item, the capacitance of the sensor 
is small. Preset P; is then adjusted 
until the voltage acrass C3-Cy is 
slightly higher than that across 

The situation changes when 
somebody, or an animal, or an ob- 
ject cames into the vicinity of the 
item and acts as the dielectric of 
the sensor capacitance. This in- 


RO 
MC3340P 
CNTRL 


The circuit draws a current of 
about +18 mA and —4 mA. If you 
are forced to build a dedicated 
power supply for this circuit, you 
may confidently rely on the ‘stan- 
dard’ concept based on two inte- 
grated voltage regulators powered 
by a bridge rectifier, smoothing and 
filtering capacitors, and a mains 
transformer with a centre tap. 
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creases the value of the capaci- 
tance, whereupon the potential at 
the junction of the capacitive di- 
vider drops, while that across the 
resistive divider remains constant, 
The measurand is buftered by 
IC) -lC}g and rectified and 
smoothed by D)-Cs5 or Dj-Cg, as 
the case may be, The output of the 
rectifier is applied to comparator 
IC3 which actuates the piezobuzzer 
when the voltage from the capaci- 
tive divider (ar its inverting input) 
draps below that of the resistive di- 
vider {at its non-inverting input). 
The circuit, except the sensor, 
is best built on the printed-circuit 
board in Figure 3, which is, how- 
ever, not available ready made. 
[Lay - 974070) 
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The circuit has a small addi- 
tional advantage: it can help to re- 
duce the audio level of commercials 
and advertising on radio and TV As 
you may have noticed, these are 
often broadcast at a higher sound 
level than the programmes they 
rudely interrupt. This attenuator cir- 
cuit makes them fall into line again. 

[Anselme - 974 °"5 


The 1 LOBAPA trom Alpha Electron- 
ics is a lamp dimmer circuit which 
requires a very small number ol! 
external parts, The IC provides soft- 
start and soft switch-aff options to 
procect the filament of incandescent 
bulbs, 

An NIC type $234/10/M is con- 
nected in series with the load to pro- 
tect the 1C against high inrush cur- 
rents which may occur as the dim- 
mer is turned on, or when a lamp is 
changed while the dimmer is on. 
Without the NTC, the circuit is only 
suitable for lamps with a power of 
73 watts or less. 

The brightness of the lamp increases 
with the resistance presented by 
potentiometer PL. 

Inside the @ LLO8APA are two anti- 
parallel SCRs (thyristors). These are 
connected in series with the load, 


Lal 


and switched by the internal phase 
contrel circuit. The contral circuit is 
run off the mains voltage, and also 


realizes the necessary protection 
functions including complete SCR 
shut-off in case of thermal overloacl- 
ing, tam-on of the SC$s in case of a 
voltage surge beiween anode and 
cathode, and disabling of the SCRs 
the lirst time the circuit ts closed (as 
a result of a fast dvdt peak or com- 
pensation currents caused by para- 
sitie capacitance). The voltage on 
capacitors C1 ane C2 is proportional 
to the voltage between the control 
inputs C+ and C-, These capaci- 
tors are discharged at each zera 
crossing of the mains input voltage, 
and they are charged again (depend- 
ing on the contral voltage) to the fir- 
ing voltage of the SCRs. The range of 
the control voltage is abour 6 V 


1c4 


1108APA 


Alpha 
Electronics 


ary 
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Resistors: 

R1 = NTC 1082 (Siemens 
$234/10/M) 

P1 = 50kq2 linear potentiometer, 
plastic shaft 


Capacitors: 
C1,02 = 1uF 
C3 = 100uF 63V radial 


where 0 V means total phase blank- 
ing, and 6 V no phase blanking. 
These values correspond ta mini- 
mum and maximum brightness of 
the lamp, respectively. 

The choke-capacitor filter bewween the 
dimmer IC and the mains input is 
obligatory in applications where EMI 
suppression is a design requirement. 
The @l LO8APA is suitable lor use 


EMI filter 
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Semiconductors: 
101 = a@1108APA (Alpha 
Electronics) 


Miscellaneous: 

K1,K2 = 2-way PCB terminal 
block, pitch 7.5mm 

EMI filter, e.g. Belling-Lee type 
L2777 

Fuse, 630mA 


with ac, voltages between 80V,,,. 
and 276 Vis. The device is available 
through Unitronic GmbH, PO, Box 
350252. D-40444 Diisseldarf, Ger- 
many, tel. (+49) 21] 9511-00), fax 
(+49) 211 OSLLI-ULL, 
Unlortunately the printed circuit 
bourd shown here is not available 
through the Readers Services. 
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d.c. detector 


The detector is intended primarily 
to sense direct voltages at the out- 
put of power amplifiers. The signal 
so detected may be used to enable 
a protection cireuir that, for in- 
stance, disconnects the loudspeak- 
ers from the amplifier. The circuit 
has the advantage of reacting at 
whatever level of direct voltage: al- 
ways within 75 ms, It also reacts to 
signals >600 mV at very low fre- 
quencies below about 4 Hz, which 
are likely to damage the loudspeak- 
ers. 


The circuit is configured symmetri- 
cally and may therefore be split 
into two, The upper part in the di- 
agram processes positive input sig- 
nals, and the lower part, negative 
signals. 


The signal from the amplifier is 
applied ta the sensor via Ry. Its 
level as limited by diodes D-Ds. 
The trip levels of 
ICy,-lC, ure set to +600 mV and 
-600 m¥ by Ro-D, and R3-D, re- 
spectively. This means that the out 
put of Ca, goes high when the 
input voltage 1s than 
+600 mV and that of IC, when 
the input voltage is lower than 
—600 mV. 

It follows that the signals at the 
outputs of the comparators to- 
gether form a square wave, This is 
used to charge C3 and Cy, alter- 
nately to a potential that does not 
exceed the trip levels of the com- 
parators. This situation changes, 
however, if for instance because of 
a positive offset, the output af LCs, 
remains high longer than usual. 
This causes C3 to be charged to a 
higher potential, while at the same 


comparators 


higher 
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time T, is switched on via Ro and 
C, is short-circuited. This causes 
T ta be blocked via Ry. so that the 
potential building up across C3; 
cannot be removed via this transis- 
tor, This means that the trip level 
of IC, will be exceeded so that the 
output of the circuit changes [rom 
low to high, 

The same kind of action occurs 
it because of a negative offset the 
output af 1a), remains high longer 
than usual. It is then Cy, however, 
that is charged. while 1C)), fune- 
tions as the trigger 

Diodes Dy and Dy, protect T, 
and T, by preventing their base 
voltage dropping below -700 mV 

Clearly, the response time of 
the sensor depends not only on 
the trigger level of IC), and IC), 
but also on the time constants 
Ry-Cy and R;-C3. The HEF4093 
used in the prototype triggered at 
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1C1 = 4093 
1C2 = TLO82 


Vee 


Parts list 


Resistors: 

Ry = 680 kQ 
Ro, Rg = 2.2 kQ 
Ry, Ry = 82 kQ 
Rs, Rg = 10 Q 
Rg, Ro. = 6.8 kQ 
Rig:= 10 kQ 


Capacitors: 

C;, Co, Cs = 0.001 uF 

C3, C4 =1 HF, MKT 
(metallized polyester) 


Semiconductors: 
Dy, Dg-Dyp = 1N4148 
Ty, To = BC546 


Integrated circuits: 
IC, = 4093 
IC = TLO82CP 


Miscellaneous: 
5 off board pins 


= 13), which re- 
response 


7.5¥ (Von 
sulted in a 


57 ms. However, the spread of 


trigger voltages in the 4093 series 
is appreciable and it may, there- 
fore, be necessary to lower the val- 
ues of Ry and Ry. 


a 


time of 
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The detector is best built in the 
printed-cireuit board shown, but 
this is not available ready made. 

The symmetrical power supply 
may have an output between 
+10 V and £18 ¥ The protorype 
draws a current not exceeding 
lO mA. 
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Printed-circult boards (PCBs), self-adhesive front panel 

foils, ROMS, EPROMS, PALS, GALS, microcontrollers and 

diskettes for projects which have appeared in Efektor 

Electronics may be ordered using the Order Form printed 

opposite. The form may also be used to order books 

{private customers only). 

» ff no. product description is given, then the item is & 
ready-made printed circuit board (PCB). 

» ftems not listed here: may not be available any more. 

» The artwork for making @ PCB which is not available 
ready-made through the Readers Services may be found 
in the relevant article. 

» EPROMS; GALs, PALs, (E)PLDs, MACHs, PICs and other 
microcontrollérs are supplied ready-programmed. 


Prices and item descriptions subject to change. The 
publishers reserve the right to change prices without prior 
notification. Prices and item descriptions shown here 


supersede those in previous issues, Bade 
orftem  eode © uss 


SPECIAL PRODUCTS 

ELEKTOR ELECTRONICS DATASHEET COLLECTION 1 ON 

CD-ROM 16.50 33.00 

ELEXTOR ELECTRONICS VOLUME 1996 ON CD-ROM. inci 

Electrames Workbench warking demo 31.50" 63.00" 

* reduced orice for supseribers. Nornal price: £39.50 or 

US$71.00 

ELEKTOR ELECTRONICS VOLUME 1995 ON CD-ROM 
37.00" 74.00° 

* reduced price for subscribers, Normal price. £41.00 or 

US$82.00 

ELEXTOR ELECTRONICS SOFTWARE COMPETITION 

1996/97 ON CD-ROM. 

Compilation of all prize-winning entries. Qusclaimer: 

software Supplied as ts. not 

tested by Elektor 976003-1 

ELEXTOR ELECTRONICS HELP DISK. 

Component coiour bana decoder software or 

35-inch disk 966022-1 10.00 20.00 

ELEKXTOR ELECTRONICS ITEM TRACER 1985-1996. 

fon 3.5-inch floppy disk) 966006-1 10.00* 20.00* 


1575 31.50 


“ reduced price for subscnbers Normal price: £11 75 or 
USS23.50 
DECEMBER 1997 
Running Lights for Christmas 
- PCH & 8751 970085-C 28.25 56.50 
- 8751 only 976617-1 19.00 3800 
Handyman T90S 1200 Programmer: 
Backing station PCB. shuttle 
POB. diskette 970090-C 2025 40.50 
- Docking station PCB only §=970090-2 7.50 15.00 
- Handyman shuttle PCB only 970090-1 4.25 8.50 
- Diskette only g7601 f-1 11,75 2350 
Smartcard Reader Writer 
- PCB. disk & PIC1BC84 970068-C 35.00 70.00 
- PIC 16084 only 976512-1 1950 39.00 
- Disk oily 9760141 B75 17.50 
PIC Controtled Light Barrier: 
- PCB Not Available 
+ PIC only 976503-1 14.75 29.50 


Not Available 
Not Availanle 
Not Available 
Not Available 
Not Available 
Not Available 
Not Available 


PIR Gontrol'ed Snop-Bel! 

Hey Counter 

Object Protection 

Car Sooster Adaptor 

SMD Adaptor 

Octopush 

150-Watt Lamp Dimmer 

2-way 20-10-40 Pin Adaptor for 
89010512051 

DC Detector 

Auto Volume Control 

Bass Extension for Surround Souna 
Adaptor Board for 18-pin PICs 


Not Available 
Not Availab'e 
Not Available 
Not Available 
Nol Available 
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Hygrometer 970065-1 11,00 22.00 
Video Copy Processor: 

- PCB & EPMF032 970066-C 34.75 69.50 
- EPM7032 only 976514-1 27.50 65.00 
Stereo Microphone Amplifier 970083-1 19.25 38.50 


PC as 4-charinel Logic Analyser 


- PCB Not Available 


- software an disk 976012-1 8.75 17.50 
OCTOBER 1997 | 
4-Way Serial Port Switcn = S7O057-1 = 12.00 24,00 


12-bit ADC Interface 
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PAST ISSUES 


Past issues, if avaliable, should be ordered trom 
Worldwide Subscription Service Lid, Unit 4, Gibbs Reed 
Farm, Pashley Road, TICEHURST TNS 7HE, England, 
telephone (+44) 1580 200657, fax (+44) 1580 200616, 
email wws.sebscription@virgin net. 

Prices of past issues {except July/August and December). 
Including postage. for single copies, are £3.20 (UK and 
Eire); £3.50 {sucface mail outside UK); £3.75 (air mai! 
Europe); £4.60 (airmail outside Europe). Prices of past 
July/August and December issues, including postage for 
single copies, are £4.25 (UK). £4.50 (surface mail outside 
UK); £4.75 (airmalt Europe); and £5.50 {airmall outside 
Europe). 


PAST ARTICLES 
‘Of information on past aricles, please contact our Editorial 


and Administrative Office in Dorchester, telephone (01305) 
250995; fax 250996, email elektor_uk@compuserve.com. 


Article tithe Order Price 
or item code £.. US$ 
- PCS ano disk 970060-C = =10.50 21.00 
- Disk only (also far 
CPU Thermometes} S76011-1 5.75 11.50 
Infra-red-Cortrolled 
Noise-iess Volume Contoi 97 0064-1 11.00 22.00 
Frequency Meter and Even 
Counter Module 
- PCB and PIC16C56 34.25 68.50 
- PIC only g 25.50 51 00 
DC Nulitier for Osciliascope 
Input: 
- PCB 970063-1 ) 25.00 
- P5032 CPLD chip 513-1 40.50 
+ Disk only 76016-1 10 0b 
Directional Microphone 970079-1 18.50 
SEPTEMBER 1997 
Data Acquisition System 
- PCB. EPAOM and disk 33.00 66.00 
+ EPROM only 12.25 24.50 
- disk only &75 17.50 
Centronics Reiay Card s 125 22.50 
Gual Continuity Tester $70020-1 7.50 15.00 
Chipcard Reader’Programmer 
- PCB and disk 970050-¢ 13.50 27.00 
- disk only 976010-1 850 17.00 
JULY/AUGUST 1997 
AGB Video Amplifier 974042-1 12.25 2450 
Digital Tester 974012-1 13.25 26.56 
LM2574 Switch-Maoce 
Power Supply 974024-1 750 15.00 
Selective Door Chime 974026-1 850 17.00 
Yamaha DBSOXG 
Stanc-Alone Soundeard 974100-1 14.75 2950 


JUNE 1997 
800597 Microcontrotler Board: 


- PCB. GAL & EPROM 56 00 116.00 


- GAL only 14.75 2950 
- EPAGH only 14.00 28.00 
+ Monitor doc file on disk 976008. 1 3.00 16.00 
Remote Control by Telephone 

- program on disk 976005-1 875 17.50 


Eart Leakage Meter 970046-1 13.25 26.50 
Car Balle Monitor 025-1 16.50 33.00 
Multi- Purpose LOO with 68HC11 

- contral programm on disk  S76009-+ 11.25 22.50 
Mins PIC Programmer anc 
Mini Programmer for Serial EEPROMS 
-PIPO2 software on disk © S76007-1 5.50 41 Ob 
MAY 1997 
Long-Distance IrDA Link 
- PCB & #902051 50.50 


3? 
- 8902051 ony 97 36.00 


Advanced LCA Meter 


- PCB. GAL + EPROM 62.50 125.00 
- GAL 2210 26.50 53.00 
- EPROM 270512 976507- 1 775 15.50 
- Front panel foil 970028-F 13.50 27.00 
Wideband Milivolt Meter $70021-1 21.50 43.00 
Compact Power Amplifier  970043-1 19.75 3950 
APRIL 1997 
Digital Thermostat 
- PGB & PIC16C54 $601t2-C = 32.50 66.00 


y ha 


- PCS only 


- Software en Sopp S76006-1 
PIC-cortrolled Home Ala‘m 
System 


- PCB & PIC 18084 970022-¢ 


- FIC 16084 only 976501-1 
Geneval-Pursose Power 
Supply 970036-1 
Opto-to-Coaxial Audio 
Converter 970031-1 
MARCH 1997 
EPROM Programmer. 

- PCB 970010-1 


- Control software 
Battery-Operated AF Signal 
Generator 970003-t 
FEBRUARY 1997 

Battery-Powered Preamplifier 960094-1 
Motor Controller tor RC 

Models: 


- PCB and PIC16C84 980095-C 


- PIC 16084 only 966510-1 

6aHC11 Emulator 

- PCB ard aiskette 970008-C 
Diskette only 976U02-1 

Simp'e Inductance Mee" 

- PC® and diskette 970009-C 

- Diskette only 976001-1 

Talking Doorbell $70015-1 

JANUARY 1997 

Dongle Switcr ga0089-1 


960100-1 


Magnetic-Fiela 
Spevd Regulator tor Node 


Trains 960113-1 
Monitor to Guard Fridge 
Temperature 970001-1 
DECEMBER 1996 
20-bit 4D converer 960110-1 
Remote Conten) by Visible 

Light 960068-1 
Primary-Battery Refresrer 960106-1 
RS232 data acquisition card 

- PCB PIC and disk 960098-C 
- Gisk oniy 966019-1 
- PIC 16C71 only 966508-1 
Hands-On Electronics 

-WheroCap V demo disks = 966021~-1 
Electrically Isaiated 120 hus 964062-1 
Centronics 1/0 Port 964116-1 
Mains Voltage Cleaner 964070-1 
NOVEMBER 1996 

$762 Programmer 

- PCB and disk 960105-C 
- PCB only 960105-1 

disk only 965018-1 

Hands-On Electronics 

-MicroCap V demo disks 966021-1 
Headphones Amplifier 960109-1 
5OW 4.F. Amplifier 960079.1 


Infra-red RS232 Link 


~ PGB and disk 960197-C 


~ disk only (Temic files) $66020-1 
Steam-Engine-Noise- 
Generator 960087-1 


OCTOBER 1996 
Video Test Chart Generator: 
- PGB. EPLO. EPROM and 


disk 
- PLD EPM 96 : 
- EPROM 9b6307-2 
- Disk anly 966011-1 


Pain| Flash Programmer 


Mini Metal Detecto 
Darkroom Timer 
Sampling Rate Converter 
- PCB ard ST62T10 

- $162710 102i 

Thritty Crystal Oven 
E.ectric-Bulb Tester 
Muli-Purpose Pasca 

1:0 Unit (disk only) 


960091- 
966013-1 


SEPTEMBER 1996 
Digital max;rnin thermometer 
- PCB and $1627 16 960010-C 
T62T10 101) 956515-1 
Standby Unit for TV Economy 960053-1 
1 


Digital Compass 960085- 
nterface tor A’ 
ar ICL7106 

- sothware on dis< 966016-1 


JULY/AUGUST 1996 
Contiquity Tester 
Symmetrical Power Supply 
Sound-to-Light Unit 
50-MHz dBrn Meter 
Precision Battery Capacity 
Meter 


964040-1 


Video Fader 964076-1 
Inexpensive ADD Converter 
- PCH 964092-1 


- Software on disk Sb6009-1 


50 61.00 
3.50 47.00 
850 17.00 
7.00 14.00 


31 50 


15.75 


on CD-ROM no. 9760U3-1 


10.00 20.00 


5 68.50 
45.50 


38.00 


56.00 
22.50 


S 30.50 
3 17.50 
0 21.00 


14,00 
17.00 
17.00 


16.00 


79.60 159.00 
3900 78.00 
24.50 49.00 

00 14.00 


42.50 
24,50 
11.U0 
23.50 


57.50 
19.50 39.00 
25.50 
12,00 


14 00 


S 55.50 
0 3900 
24.00 
15.00 


6.90 12.00 


3.90 
3.90 
19.00 
33.00 


16.00 
24.50 


No} Availab‘e 
7.00 14.00 


Elektor Electronics 


Article title Order Price. 
of item code 
Singie-Chip AF Power Amp 964104-1 6.25 1250 
JUNE 1996 
Fash EPROM ProgrammerEmulator 
- PCB + disk 960077-C 33.00 86 00 
- disk only 966017-1 16.00 32.00 
Keyboard Swap for PCs 9501 26-1 7.00 14.00 
Stop that Baskirg! 960035-1 §.50 11.00 
23cm ATY preamplitier SB0072-1 7.50 15.00 
Pulsimeter 960005-1 1025 20.50 
Buryiar Devesrent Lighting © 960022-1 7.25 14.50 
MAY 1996 
(niedigert Chess Clock 
-POB + 87051 (946645-1;950097-C = 41.75 8350 
- $7051 S46645-1 30.75 61.50 
Digilal YU meter (2) 
-PCB + EPROM (946646-1) 950098-C 36.00 72.00 
- EPROM 270512 946646-1 17.75 35.50 
Surround Sound Subwoofer (3): 
- PCB 960049-1 16.75 33.50 
Mains Voltage Manitor 
- PCB 960055-1 7.25 14.50 
64-Chanoel Logic Analyser 
- main PCB. disk &ID4ICS 960033-C 69.75 199 50 
- 464 ispLS!1016 SBE506-1 27.50 55.00 
-1C5 306 966506-2 27.450 55.00 
- fisk (MSOOS} 966010-1 7.00 14.00 
- extension PCBs (3-in-1] 960093-2 17.00 34,00 
- 1620/30/40 ispLSi016 =966506-2 2750 58.00 
APRIL 1996 
U2402B Battery Charger 950120-1 12.00 24.00 
Centronics Interiace 
~ PCB + disk (966008-1) 960052-C 16.25 32.50 
- Disk (Winaows} 966008-1 600 12.00 
PC-Controlled AF Analyser (2) 
- Software on disk 966001-1 = 26.00 62.00 
MARCH 1996 
Houseplan: Buzzer 
(40n 1 board) 9501 18-1 10.06 20.00 
PIC-Controlled ADS Decoder 
» PCB + PIC (966505-1) 960050-C 27,50 56.00 
- PIC 16084 966505-1 22.75 45.50 
FEBRUARY 1996 
SIMM tester: 
- PCB = EPROM (966503-1)960039-C 28.25 56.50 
- EPROM 966503-1 10.25 20.60 
(2C Interface far Centronics 
port 
- POB + disk (946202-1) 950063-C 20.25 40,50 
- control sofware on disk = ©946202-1 12.25 24.50 
Passive YU meter 950124-1 8.00 16.00 
icy Roads Warning 960029-1 600 12.00 
JANUARY 1996 
SECAM-to-PAL Converter 950078-2 29,00 58.00 
Passive Component Tester 
- PCB 960032-1 1375 27.80 
+ Front panel foil Not available 
DECEMBER 1995 
3.3-15¥ Power Supply 950106-1 925 18.50 
Practice Ampliter for Guitars 
PCB + front panel fail 950018-C 90.50 61.00 
PCB only S0016-1 = 17.25 34.50 
Front panel foil anly 950016-F 13.75 27.50 
Smart Transistor Tester 
- PCB + PIC |956502-1) 950114-C 44.25 8850 
- PIG 16071 956502-1 35.50 71.00 
Micro PLO System 
- PC 87 C750/51 + disk 950093-C 44.50 89.00 
: 0/51 956514-1 24.50 49.00 
- contin! software on disk = 956016-1 1000 20.00 
Active potentiometer 954099-1 9.50 1900 
Descaler 95d080-1 5.75 11.50 
Active probe 954093-1 8.00 16.00 
Two-way PC-Fax Interace 954033) 914.75 23.50 
NOVEMBER 1995 
PIP Processor 
: + 87051 (956505-1) 950078-C 
5) 9565D5-+ 
MM noise squelch 950089-1 
PA 300 power amplifier 950092-1 
Jogging LED 950112-1 
Osci'loscope prescaler 950115-1 


For availability of older tems, please contact our 


Dorchester effice. 


Elektor Electronics slipcase 


Price £2.95 +P&P 1£1.50 UK, £2.00 outside UK} 
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Experts Are Getting Smart... 


that’s why, at Smart , we have selected only the best products for you 


@ For true Windows 3.1x and WIN 95 compatibility 

® Programmes devices ranging from 8 pins to over 300 pins 
® Supports over 3,000 different ICs — 3 volt and 5 volt variants 
@ Uses fast approved algorithms 

@ DOS version also available 

® 30 day money-back trial period 


Regular price £795.00 


SPECIAL INTRODUCTORY 
PRICE £695.00 


@ Supports PIC 12/16/17 Microcontrollers 
@ Real Time transparent emulation to 33MHz 


@ Runs under DOS, Win 3.x or WIN 95 

@ Windows IDE supports your Assembler or Compiler 

@ External break probe — may be conditional with internal 
software breakpoints 

@ 8k by 24 bit real time trace buffer 


@ Complete system includes emulator, MPASM, 
software, cables, trace probes, etc... 


| Complete System from only £583.00 


® Portable @ Portable 


@ EPROM, E2PROM and @ Memories to 16Mbits 

Flash memories to 8 Mbits @ 8051’s and basic GALs 
@ 8051 family @ Optional family modules for: 

including Atmel Flash Serial E7PROMs and PSD’s 
Microcontrollers: 

Microchip, Zilog, SGS, Intel, Motorola... 
Programmable Logic: 

AMD MACH, Xilinx, Altera, Lattice... 


Only Only 
£199.00 £350.00 


All prices exclude carriage and VAT. 
To receive a brochure, register for the introductory offer or if you simply need free advice contact us — 
Phone: +44 (0)181 9539292 @ Fax: +44 (0)181 953 9299 
E-Mail: Sales @ Smartcom.co.uk 
Mail: Unit 11 Stirling Industrial Centre, Stirling Way, Borehamwood, Herts, WD6 2BT, England 
Web visitors welcome: http://www.Smartcom.co.uk 


EMULATORS @ SIMULATORS @ COMPILERS e ASSEMBLERS e PROGRAMMERS 


® Optional adaptor 
for serial E-PROM 


SMAR 


COMMUNICATIONS 


..the experts’ expert 


